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Pesticides used improperly can be injurious to human beings, animals, 
and plants. Follow the directions and heed all precautions on labels. Store 
pesticides in original containers under lock and key—out of the reach of 
children and animals—and away from food and feed. 

Apply pesticides so that they do not endanger humans, livestock, crops, 
beneficial insects, fish, and wildlife. Do not apply pesticides where there 
is danger of drift when honey bees or other pollinating insects are visiting 
plants, or in ways that may contaminate water or leave illegal residues. 

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective 
clothing and equipment, if specified on the label. 

If your hands become contaminated with a pesticide, do not eat or drink 
until you have washed. In case a pesticide is swallowed or gets in the eyes, 


follow the first aid treatment given on the label, and get prompt medical 
attention. If a pesticide is spilled on your skin or clothing, remove clothing 
immediately and wash skin thoroughly. 


NOTE: Some States have restrictions on the use of 
certain pesticides. Check your State and local regulations. 
Also, because registrations of pesticides are under constant 
review by the U.S Environmental Protection Agency, 
consult your local forest pathologist, county agriculture 
agent, or State extension specialist to be sure the intended 
use is still registered. 
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INTRODUCTION 


The third meeting of the National Steering Committee for Management of 
Vegetation on Forest and Range Lands met at Davis, CA, December 1-2, 1992. 


A. Committee Members Attending 


Phil Aune 
Jack Barry 
Garth Baxter 
Jim Brown 

Bob Campbell 
Jesus A. Cota 
George Ice 
Charlie McMahon 
Ed Monnig 
Doug Parker 
Mike Rutty 


Dave Thomas 


USFS/PSW (Redding, CA) 
WO/FPM (Davis, CA) 
R-4/FPM (Ogden, UT) 
R-8/FPM (Atlanta, GA) 
Forestry Canada (Sault Ste. Marie, ON) 
WO/FPM (Washington, DC) 
NCAS I= (Corvallis. 70R) 
SOmCAUbUEN, AL) 

R-1/FPM (Missoula, MT) 
WO/FPM (Washington, DC) 
Stanislaus NF (Sonora,CA) 


Eldorado NF (Placerville, CA) 


Complete addresses are provided in Appendix D. 
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Proposal of a Committee Charter 


Committee Title: National Steering Committee for Managing 
Vegetation on Forest and Range Lands 


Committee Purpose: The purpose of this committee is to provide 
recommendations on an annual basis to the USDA 
Forest Service, Washington Office staffs that 
support safe, effective, economical, and 
environmentally sound use of pesticides. 


Committee Scope: The scope of this committee shall include 
herbicide-use management as it relates to 
environmental impact and documentation, herbicide 
environmental fate, risk assessment, herbicide 
application technology, training, information 
databases, and information and technology 
transfer. 

Proposed Committee Representation: 

USDA Forest Service 
Forest Environmental Research Staff 
Forest Management Research 
National Forest System - Timber Management, Range 
Management, Watershed and Air Management, Wildlife 
& Fisheries 
Forest Pest Management 
Forest Industry 
State Forestry 
Utility Industry 

Funding Sources: Projects, studies, and tests recommended by this 
committee and approved by Washington Office 
should be funded by the Staff or/and manager 
receiving direct benefits. 


Committee Member Reports 


Committee member reports are enclosed in (Appendix A). 
























; _ Titre sotria.@ tadleee 2 . 
7 7 7 7 7 : 
oh ite’ sul «vt ies grivecss fae nigh (qina® # : 7 
rigi sey baw 104% O'l trade leadegey 7 
ah Ww o 4 o“7 time eistyY << SPCCAUG wf? 7 ae ete wsneng? : 7 
AgeT ws! > atkad Wie Teh ON) STO Tes MIAeS ‘' hs 
inils cpitte e6fe mT eG sf guicceé pean 
wis Siwenes  avisowls® «sae Seaig® 
5 'atormenm IG “aw (Pies, ly sotannryrt tv 2 ; 7 
7 
siust diet fleeta ciyees of) Io 4a att go  @oo hewn 
a 89 seq & Js sSeigialn fh Bis et ' e&len 
hylan? ITO”, “Seifu Son ivi Sachi, 122 pres oe * 
wr he pnd s4ree ; > ae yise~tive Cpe : 
7 eh sh wires : i? —t S\oeart gus 4 
wat jautsas fu be di tech ,eoutiaaht 
ei ee i he 
ers a hs ns alte i ioqn yd 
ivy pe payer 
‘ - i] ¥r..3 wali! ‘Ae Furs? ) 
ify Ladas peraghite” sine 
aght?, ,sR@papeueh 9@fnl. - Hate gh Segre eo 
eT chilte .Teotiegs bar i6, Via Th ‘apts oA 10 gpd = 
eniroaeti a 
retenth® ea Tens’ 7 
rev nitetl - eae y : 
. _ 
yi aeetol Ste j8 ¢ - 
r 7 ¥ — 7 
vvlegeett Groth 
! 
oie) yo Gebeegugeses hav) Ree | evi oul captors a7 de Sola = 
eS ay cin sieen ¢ ie Sipe pes, os 154k : 
T4gOME WA > Iasbysra 4 tosrrteet wal ni Mnie . - 
eThi4isd Ihe vis Ari ¥ipnss ae 
— 


- 
* 









AUR I. RECOMMENDATIONS/ACTIONS 


A. 


Recommendations 

Recommendations are categorized by high, medium and low priority. 
Hich@rriority 

1. Committee Charter 
Approve committee charter as outlined in Paragraph I1.B. 


2. National Policy 


Reaffirm National Forest Service policy and support of herbicides as a 
tool in ecosystem management. 


3. FPM*s Herbicide Role 


Clarify WO/FPM's role in herbicide-use management. Although this is 
addressed in FSH 2109.14 there appears to be confusion on this point. 


Mn, Ecosystem Management 


Evaluate role of herbicides in ecosystem management. 
5. Risk Communications 


Develop a nationally coordinated effort on how to communicate risk 
to the public and employees. 


6. Technology Development Program 


Include herbicide application technology in the WO/FPM technology 
development program with funding contributions from benefiting 
staffs e.g. Range, Timber, Wildlife, and Recreation. 


7. Herbicide Monitoring Data Base 


Develop a database to monitor efficacy and environmental impact 
of herbicides. Initial step will be to identify existing efforts and 
to develop criteria for the database. 


8. Human Exposure Studies 


Review and document the literature on human exposure data to identify 
data gaps and prepare bibliography and recommendations to address data 


gaps. 
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Partnerships WikcheGanada 


Establish one-on-one Canada/USA partnerships to work on herbicide 
application, efficacy, and safety issues. 


Medium Priority 

Herbicide-Use Training 

Determine and provide national level herbicide-use training. 
NAPIAP 


Distribute results of NAPIAP studies on herbicides fate and 
toxicology. Encourage peer review publications. 


Networking 


Develop mechanisms for information flow among Regions and 
Stations and among Regions and WO. Examples are NAPIAP summaries 
to Regions, develop and maintain target mailing lists and "Timely 
Tipsie 


International Role 
Determine policy role of Forest Service in advising international 
partners in use of herbicides with consideration to science vs 


politics, environmental concerns, economics, reforestation, habitat 
restoration, etc. 


Long-Term Monitoring 

Establish long-term studies to monitor impact of herbicides 

on biodiversity and efficacy. 

Low Priority 

NFS vs Private Use of Herbicides 

Prepare a white paper on land management objectives that reviews 


the likely reasons for conflict among adjoining landowners over 
use of herbicides. 


Ecological Risk Assessment 


Evaluate need to prepare ecological risk assessments in the future. 
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B. Actions 


Two sub-committees were appointed to follow-up on issues discussed 
during the meeting. 


1. Vegetation Management Monitoring Database Sub-Committee 


The sub-committee will address the need for a database of 
environmental and efficacy data generated by herbicide 

projects. Operational and other projects provide 

opportunities to capture and archive data that are useful 

for a number of purposes including environmental documentation and 
technology development. For data to be meaningful, therefore, its 
generation, collection, and storage needs a protocol and 
consistency. The initial charge of the sub-committee is to 
outline an approach to establishing a database that includes 
criterion to be followed and to be reported by project people who 
are willing to participate. 


2. Worker Exposure Sub-Committee 


The sub-committee will review the literature and produce an 
annotated bibliography, identify worker exposure data gaps, and 
draft recommendations for committee review. This assignment 
should be completed by December 1993. 


SUMMARY 


The National Steering Committee for Managing Vegetation on Forest and Range 
Lands met at Davis, California on December 1-2, 1992. The committee 
developed several recommendations, and reviewed and discussed accomplishments 
related to but not necessarily a result of the committees 1989 and 1990 
recommendations. The committee identified and prioritized several issues and 
have submitted recommendations to address these issues. Two sub-committees 
were established to follow-up on issues of human exposure to herbicides and 
to herbicide monitoring and efficacy databases. The committee recommends 
that its charter be revised to limiting the committee's activities to 
herbicide-use on forest and range lands. Currently the charter includes all 
methods of managing vegetation. 
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FPM WESTERN DIRECTOR'S MEETING 
September 28, 1992 


SUBJECT: VEGETATION MANAGEMENT STEERING COMMITTEE 
DISCUSSION POINTS: 


Committee was established by the Chief in 1988 to identify field and 
pilot testing needs for aerial application of herbicides. 


Committee met in January 1989 and March 1990. 


Committee broadened its charter in 1990 to include all methods of 
managing vegetation and changed it's name to "National Steering 
Committee for Managing Vegetation on Forest and Range Lands." 


Third meeting scheduled for September 1991 was cancelled due to 
Regional travel restrictions and rescheduled. 


There is lack of a WO coordination point for follow-up of committee 
recommendations. Need a staff to adopt vegetation management. 


Recommendations involved Research, NFC, and S&PF. 
Next committee meeting is December 1-2, 1992 at Davis, CA. 


Is this committee needed - yes by the Forest Service, but to whom does 
PL CeEDOrt.: 


Biological control of weeds is very promising. Who in the Forest 
Service other than FPM and FIDR should be involved with insects? 


Who has responsibility for technology development and evaluation of 
ULV and UULV aerial application of dry herbicides? 


ADDED INPUT FROM DISCUSSION: 
e Seace Suga estat Soren ont Geom 
Bae COonr a8 TWN OW Come RL: 


DECISION/RECOMMENDATION: ee PAL Ase Goce ers % 


ACTION: 
What: 
Who: No GokiON oar, Soo 
alomg wes ALSCusseck 
When: 





First Report A Report by the National Steering Committee for aerial 
Application of Pesticides - Vegetation Management, April 6, 1989. 


Second Report National Steering Committee for Application of Pesticides - 
Vegetation Management, May 11, 1990. 
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Field worker injury in | 
vegetation management programs 


Information taken from Ontario Worcnen’ s Compensation reports between 1980 and 1989 
indicates that there are more reportable injuries associated with manual tending programs ‘ 
than with aerial or ground application of herbicides. Information from the reports showed . 


- that reportable injuries occurred 14 times more frequently on 


manual tending programs than on aerial or ground herbicide 


tending programs. However, because far more area is treated ~ 


with herbicide than manually, the figures are not directly 


comparable. By adjusting the figures so that they are compared 
on an equivalent number of ha treated, the ratio of injuries on 


‘Manual tending programs vs. injuries on chemical programs 
comes out to 266:1 and the lost time due to injury ratio is in 
the order of 750:1. 


If aerial and pean application figures are separated, 
the ratios come out as follows: 


Ratio of - Ratio of 


reportable injuries man days lost 
ground vs. aerial 4:] 5:1 
manual vs. ground = 11221 280:1 ° 
manual vs. aerial 420:] 1327:1 


-If the current vegetation management program in Ontario 
was replaced with a manual tending program, the cost 
would be about three times greater and there would be — 

a greater chance of worker injury.This does not take into 
account the unknown health effects that pesticide use might 
have on forest workers sometime in the future. However 
there is evidence that shows that forest workers involved in 


 . the application of 2,4-D take exceptional care of themselves, | 


and go to great lengths to avoid occupational exposure to 
the pesticide they are handling.- This was substantiated by 
a consultant who surveyed:2,4-D users on behalf of the 
Ontario Ministry of the Environment. 


It also does not take into account the improvement that 
would inevitably come about if manual tending became 
more commonplace and worker training was increased. 


The most common injuries reported for workers performing . 
manual tending were exactly as would be expected when 
working in cutovers: bee sting, twig in eye, and sprain. 

° Craig Howard 
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What is ChESS? 


ChESS (Chemical Expert System for 
Silviculture) is a computer program that 
writes herbicide prescriptions and provides 
herbicide information for southern pine 
management. Itisadecision supportsystem 
which developsrecommendations consistent 
with EPA (Environmental Protection 
Agency) regulations (herbicide labels) as of 
the date of release. It does not constitute an 
endorsement of commercial products nor 
does it exempt the user from any legal 
obligations under federal, state, or local 
statutes. 


Purpose 


The multitude of conditions that influence 
theefficacy, utility,and environmental safety 
of herbicides makes the process of 
prescription writing for herbicide application 
difficult, if not impossible, for an 
inexperienced person. Because of its 
complexity, and the substantial penalties for 
errors, most organizations relegate the task 
of prescription development to a few, 
recognized experts. ChESS was designed to 
improve the prescription writing process for 
herbicides used in the management of 
southern pine forests in two ways. First, 
ChESS was developed to raise the level of 
performance in prescription writing of the 
average graduate forester. And second, 
ChESS was designed to allow “local” 
(company, agency, organization) herbicide 
experts to update and adapt the decision 
making process to meet local needs and 
conditions. 


Where did ChESS come from? 


Version 1.1 of ChESS was developed over a 
two year period by researchers in the 
Department of Forestry and_ the 
Department of Computer Science at 
Virginia Polytechnic Institute and State 
University. Essential advice and expertise 
was derived from a distinguished panel of 
recognized experts from industry, state and 
federal forestry agencies, and university 
faculty from throughout the Southeast. As 
such, ChESS is a compromise of expertise 
that will perform well, given the average 
(nominal) conditions, but requires 
customization (by a local expert) to perform 
at, or near, the local expert's ability. The 
data used in the decision making process 
will also require periodic updates as new 
herbicides, regulations, labels, and 
application techniques are developed. 
However, it is the user's responsibility to 
ensure that the current version used 
conforms to all applicable regulations and 
requirements. 


Who to contact for more information 
and technical assistance 


Dr. Shepard M. Zedaker 
Department of Forestry 
Virginia Polytechnic Institute 
and State University 
Blacksburg, VA 24061 
Phone: (703) 231-4855 
Fax: (703) 231-3330 


Hardware requirments 


IBM PC or compatible: 
¢ DOS 3.3 or above 
¢ 80386 processor 
¢ 5 Mb free fixed disk space 
¢ 2-4 Mb system memory 
(2 minimum, 4 optimal) 


VAX 
¢ VMS version 5.0 or above 
¢ MicroVAX II (.9 MVUPS) or above 
¢5 Mb free fixed disk space 
¢ 4 Mb or larger system memory 


Data General 
e AOS 
¢ MV 15000 or above 
¢5 Mb free fixed disk space 
¢4 Mb or larger system memory 


Apple-Macintosh 
°¢ AUX 
¢ 68020 processor or above 
¢5 Mb free fixed disk space 
eS Mb or larger system memory 
Price 
$300.00 for 1 copy. 
$225.00 per for 2 - 5 copies. 


$150.00 per for 6 or more copies. 


$150.00 per copy for Forest Service 
and AUSHC members. 











United States Forest Washington 2i2Z1-C Second Street 
Department of Service Office Davis, CA 95616 
Agriculture 

Reply To: 2150 Date: December 18, 1992 


Subject: 2,4-D/Dog Cancer Study 


To: Members, National Steering Committee for 
Management of Vegetation on Forest and 
Range Lands 
Dr. Bob Campbell kindly followed-up on the discussion of a reported 
relationship of 2,4-D and cancer in dogs. This was the subject of a USDA 


Forest Service Pesticide Use Memorandum (No. 453) issued September 1991. The 


enclosed letter and its enclosures provide additional relevant information. 





HN W. BARRY 
Chairperson 


Enclosure 


cc: J. Cota w/enclosure 
V. Shannon w/enclosure 
Z. Horakova w/enclosure 


Caring for the Land and Serving People 


FS-6200-28b(4 88) 
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a why Forestry Foréts 


Canada Canada 


11 Dec 1992 


Your file Votre reference 


Our file Notre reference 


Dr. John W. Barry 
USDA Forest Service 
2121C Second Street 
Davis, CA 

USA 95616 


Dear Jack: 


At the recent National Steering Committee for Managing Vegetation meeting, 
one member indicated that one reason why his region did not want to use 
2,4-D was a recent study claiming a relationship between 2,4-D use on lawns 
and cancer in dogs. | suspect he was not aware that the conclusions of that 
study have been refuted. It is not surprising that flaws were found in the study 
in view of the fact that the claimed carcinogenic effect has not been detected 
in controlled laboratory studies with much higher and prolonged exposure than 
a dog could receive from treated turf (dislodgeable residues decrease rapidly 
with time as indicated in enclosed paper by Harris and Solomon). Nevertheless, 
| do realize that studies such as this, even when refuted, do make it more 
difficult for forest managers to use 2,4-D. 


Yours truly, 


MMwh& Via 
Robert A. Campbell 
Research Scientist 


Encl. 2,4-D Dispatch May 1992 
Harris & Solomon 1992 


Forest Pest Management Institute Institut pour la repression 
P.O. Box 490 des ravageurs forestiers 

Sault Ste. Marie, Ontario C.P. 490 

P6A 5M7 Sault Ste. Marie, Ontario 


di 705-949-9461 P6A 5M7 
and d 705-759-5700 Fax 705-949-9461 


705-759-5700 Fax 
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Information Line: U.S. 1-800-345-5109 FAX 1-919-964-4559 


| Link Found Between 2,4-D And Cancer In Dogs 


EXECUTIVE SUMMARY: Review Panel Report on 
“Case-Control Study of Canine Malignant Lymphoma: Positive Association With Dog Owner’s 
Use of 2,4-Dichlorophenoxyacetic Acid Herbicides” 


Last September, the Journal of the _ 
National Cancer Institute published a 
study suggesting links between lawn ~ 
care uses of the herbicide 2,4-D and - 
malignant lymphoma in dogs. This study 
raised predictable concerns among lawn 
applicators and home owners. 

In response to these concerns, the . 
Industry Task Force on 2,4-D Research 
Data commissioned an independent 
panel of scientists to review the study . 
and its conclusions. After careful review, 
the panel found that due to limitations in 
design, the study's data did not support 
an association between 2,4-D and 
malignant canine lymphoma. 

Two primary reasons were given by 
the panel as to why the study was unable 
to show an association. First, the study 
was based on responses of dog owners, 
using a questionnaire that gave goo little 
information about which dogs were 
exposed to 2,4-D and how much expo- 
sure they had. Second, the panel noted 
that the effect reported by the study was’ 
small, so that it may have been due-to” 
chance or might be linked to other fac- « 
tors in the dogs’ environments. 

The findings of the dog study review 
panel are summarized below. These 
findings are consistent with the weight of 
the evidence based on extensive scientif- 
ic testing which has not found a link 
between animal cancers and 2.4-D. The 
complete text of the review is also avail- 
able through the task force. 


— The Editors 


INTRODUCTION 
In December 1991, an independent 
scientific review panel was convened by 


Drs. Ian Munro and George Carlo to 


evaluate critically the methodology and ~ 


findings of the study by Hayes et al. - 
entitled, “Case-control study of canine 
malignant lymphoma: Positive associa- 
tion with dog owner’s use of 2,4- 
dichlorophenoxyacetic acid herbicides. 
The Study was published in the Journal 
of the National Cancer Institute’s 
September 4, 1991, issue. This indepen- 
dent peer review was supported by the 
Industry Task Force II on 2,4-D 
Research Data. 

The scientific panel reviewed the pub- 
lished study, media releases that accom- 
panied the public release of the study, 
and the interview instrument employed 
by the study investigators which was 
provided by the National Cancer 
Institute. A meeting of the panel took 
place during December 1991. The panel 


was charged with evaluating the degree _ 


to which the study by Hayes et al sup- 
ported the hypothesis that 2,4- 
dichlorophenoxy acetic acid (2,4-D) her- 


bicides are associated with canine 


malignant lymphoma. 


OVERALL PANEL FINDINGS 
Although the study, by virtue of its 
title, suggests a relationship between 
exposure to 2,4-D and canine malignant 
lymphoma, this hypothesis was not 
strongly supported by any of the results 
presented. The increases in risk suggest- 
ed by the odds ratios reported (e.g., 
OR=1.3) were small. Therefore, it is 
possible that a small bias or confounder 
could be responsible for the elevated 
odds ratio instead of a biological link to 
any of the potential exposures studied. 
Exposure quantification was very poor, 


and it is therefore difficult to discem 


_ what exposures were actually studied. pa 
_STUDY STRENGTHS ~ == _ = 


A relatively large sample size was — 
used and the number of controls was” 
about twice the number of cases, which 
allowed the authors to conduct analysis 
of many subgroups of dogs. Control - . .- 
dogs were selected from the same hospi- 
tal as the case dogs, which is important 


in addressing the potential problem of ->~ 


selection bias. Two control pools were 
employed: one pool consisted of dogs 
diagnosed with tumors other than lym- 
phoma, the other pool consisted of dogs 
that had died of other causes. This 
design should address the potential for 
biased recall among the owners of the 
case dogs. The control dogs were 
matched with case dogs by location, age 
and year of treatment. This matching -.- 


should control conounding by these . : oe 


variables. 
Although the response rate was rela- 


tively low (about 45%) by mail, 70% of ~-] 


those non-responders were interviewed, 
which is considered a good response rate 
for a study of this type. Combining the 
methods, the total response rate was 
about 83%. In addition, the question- 
naire did not draw the attention of the 
owners to the a priori hypothesis that 
2,4-D exposure predisposed dogs to 
canine malignant lymphoma. This 
approach should address the potential 
for recall and interview bias. 


Continued on Page 2 


Correction 

In a previous issue of 2,4-Dispatch, 
we stated that the 1989 symposium con- 
vened by the Harvard School of Public 
Health had considered data from a sub- 
sequently published Saskatchewan 
farmworker study by Dr. Donald T. 
Wigel, et. al., in reaching conclusions 
about the weight of the evidence on 2,4-D 
and cancer. That statement was incor- 
rect in that Dr. Wigel’s research was not 
considered by the panel. Our apologies 
for the error. 
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Executive Summary 
| Continued from Page | 
STUDY WEAKNESSES gest that 33% of owners reported using animals “4” exposed to 2,4-D do not sup- 
Biases 2,4-D only, which is more than twice the port the findings of this study. 
; percentage reported in the U.S. market 
_ The study was poorly designed to survey. This raises questions about the CONCLUSION 
investigate the hypotheses that 2,4-D reliability (or possible misclassification) As a result of limitations in the design 
causes cancer in dogs. Two sets of con- of the responses to the questionnaire. of the study, it may be concluded that it 
trols were combined in the final analysis Also supporting the possibility of mis- did not show an association between dog 
but analyses specific to each control classification is the reported response that owner’s use of 2,4-D and caninelym- 
group were not presented to address the some of the case owners applied the her- > phoma. siete oe ae 
issue of potential recall bias. The authors bicide three and more times per year. ae 
should have analyzed the control groups Given the geographical locations of this REVIEW PANEL 
separately and, only if the risks were study, it is not recommended and very George L. Carlo, 
comparable, should they have combined unusual that 2,4-D would be used more PhD. MS. J.D. (Co-chair) 
the two control groups. than two times per year. The significant eCharnn Health & Environmental 
Although the use of a hospital-based trend test for number of applications per Sciences Group, Ltd. 

case-control design is generally consid- year is driven by a significant number of Adjunct Faculty, George Washington 
ered to be less rigorous than a popula- "| ~_ dog owners. who reported using 2,4-D 222-2 University School of Medicine. =| 7 
tion-based design because of the greater _...} =. four or more times per year. Since it:=22- =} 2 => =_ and Health Sciences » SA = 

-_ opportunity for selection bias, the authors. |.“ ould be surprising that eyen.a small -° paste 2 WaShingtON DCs | 

=~ did not present what proportion of local =~- =| -: percentage of dog owners used 2,.4-D = Js ¢-S Phillp Cole, M.D., Dr. P.H. ~” 
dogs were seen at the three hospitalsto | _—_ four times per year, thisraisesserious-- | °C” ~- Professor and Chairman “= 08 f ~ 
identify possible differences between the — [+ ability of the. Department of Epidemiology ae 

: questions about the reliability of the Sch bee" 

_ It is also likely that some of the* - | - ionnaire wi ifying - ool of Public Health =~: 3) = 
groups LKely ‘ bat questionnaire with respect to quantifying - - University of Alabama at Birmingham 4 ee 
dogs diagnosed with fatal canine malig-_ _ -|' this variable, as well as the reliabilityof | ° -. - sa chante eT =e |e 

: oa gham, Alabama. : 
nant lymphoma would be euthanized by the trend test. eae ‘ ae : 
the local veterinarian rather than be taken ___ The questionnaire is also inadequate - Sey FO ERCHGs EACE ioe & 
to a hospital for treatment, thus, raising’ "|" with respect to gathering information (=| ~ professor, Department of Preventive 
questions about the representativeness 0 about the potential confounder of viral Medicine and Biostatistics 
the case serieés as well as the generaliz- causes of lymphoma. Therefore, the Faculty of Medicine 
| ability of the findings of the study. potential impact of viruses could not be University of Toronto 
There was substantial non-response to tested for, or controlled. Toronto, Ontario Canada 
the mailed questionnaire. Forty-five per- Ian Munro, Ph.D., FRC Path. (Co-chair) 
cent of the subjects had to be phoned in Se the poor designs of the Director, Canadian Centre for Toxicology 
| order to obtain information and it is not oar =e 4 a tet ae Bes eens Guelph, Ontario Canada 
clear whether these two groups were | did ae ee on the authors’ hypothesis. ~~ Keith Solomon, Ph.D. 
independently tested to assess potential es sae cremated eae: -- ‘Associate Director 
biases and determine internal consistency. |. | ZA Ses ow hate Mia ay) becuse CB adian Centre for Toxicology — 7 | .- 
for the study. ~~ =. Sees eet tion of a relationship between canine "== [= ~="— ~ “professor, Department of "= === = 
| Ne SOY. ee | 0 Thalignant lymphoma and Jawn chemicals’]} = =~ = -* =Environimental Biology = = | 
_Misclassification and Confounding _ = _-_ | was observed when the data from three. .. 4 =.->  ... University of Guelph -= eee peat 
_ In this type of study, it is desirable to. -_ | ~ exposure groups and the two control. 244 -".-- 7 Guelph, Ontario Canada 
quantify exposure both objectively and _ ___ groups were combined. When each of: 71 == Robert Squire, D.V.M., PhD. © ale 
accurately. The questionnaire, however, ~ “these sub-groups was analyzed separate- Professor, Division of Comparative Medicine 
is very non-specific and broad with - ly, no statistical significance was Johns Hopkins University School of Medicine 
regard to use of pesticides, and a list of observed. Baltimore, Maryland 
ieee of home-garden products was not The authors claim to have tested a April 9,192 4 
supplied. The design of several questions number of associations in their study, Ne ill OIE les 
restricted responses in such a manner that listing some 35 factors in the tables and | Hayes HM, Tarone RE, Cantor KP, Jessen <a 
it is not clear whether 2,4-D was used ve It is to be Li eins that os. or more McCurnin DM, Richardson RC. Case-control study of 
alone or in combination with other herbi- of these tests will show statistical signifi- canine malignant lymphoma: positive association with 
cides. Thus, the exposure quantification cance purely on the basis of chance, par- ie Sa Co seer her- 
| data were of no value and the combina- ticularly when the OR is small (¢.g., »Page D. Personal communication. Dow, 1991. 
: tion of the two groups (commercial and _. _ OR=1.3). One would expect an OR of 2 cn oA SOE gene . 
homeowner) may not have been scientifi- | or greater if a strong relationship existed. Henan expocure 24D following controlled activities on _ 
valid as there was no evidence that - _~. Although the authors claim that a sta- . - recently sprayed turf. J Environ Health Sci 1992; B27:9-22. ~ 
aed posed to th tistically significant trend bserved “ker AJ. Zachary JF, Lovell R, 
these groups were ex to the same stically significant trend was 0! * Amold EK, Beasley VR, Parker AJ, ?, Love 
| oA A market survey of home-gar- for the number of owner applications per Sawchuck S, Richardson B, Butcher Me toxicological 
| den herbicide use in the U.S.A.7has -| — year, this is not a meaningful dose- sone te nea Cae oe 
shown that of those products containing response as the “0” application or unex- Veterinary Medicine, University of Mlinois, Urbana, IL. May 
2,4-D only 15% contained 2,4-D alone. posed group should not be included in the Et eee SEE 
The remaining 85% contained other her- trend test. With this point excluded, the PEmee aed pee aheuaes a Seri. Hs 
bicides such as dicamba and MCPA in trend is not significant. In addition, there : soees cee! grass seve Hom Toxicol 1991; 33:457- 
addition to 2,4-D. It is thus very likely was no statistically significant trend ey 461. De MaRS 
that a high percentage of the dogs in the observed for number of commercial * Hansen WH, Quaife ML, Haberman RT. Chronic toxicity of 
| exposed groups were exposed to herbi- applications of lawn chemicals per year, es pay Shoe aah rats and dogs. Toxicol 
cides other than 2,4-D further complicat- which is not in concordance with the Sed yates EE FOP eR ioe 
ing any link between 2,4-D and their can- authors’ claim of a statistically signifi- study in rats 2.4-dichlorophenoxyacetic acid. Final report. 
cer. cant trend for owner applications. . Volume 1. Hazelton Laboratories America, Ine., Vienna, VA. 
| Data from the Hayes et al. study sug- Finally, other studies on humans? and _ May 29, 1986. Project No. 2184-103. og x 
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J. ENVIRON. SCI. HEALTH, B27(1), 9-22 (1992) 


HUMAN EXPOSURE TO 2,4-D FOLLOWING CONTROLLED 
ACTIVITIES ON RECENTLY SPRAYED TURF 
KEYWORDS: pesticide, herbicide, 2,4-D, exposure, human, bystander, 

public, turf, grass. 


S.A. Harris and K.R. Solomon 


Canadian Centre for Toxicology, 645 Gordon Street, Guelph, Ontario, 
N1G 2WI1. 


ABSTRACT 

Total body dose of 2,4-D was determined in 10 volunteers following 
exposure to sprayed turf 1 hour following application and in 10 volunteers 
exposed 24 hours following application. Each group of 10 volunteers was divided 
in half and five wore long pants, a short-sleeved shirt, socks and closed footwear. 
The other five wore shorts and a short-sleeved shirt and were barefoot. All 
volunteers were ane to a 2 by 15 m area of turf for 1 hour during which they 
alternated between walking and sitting or lying on the turf surface for intervals 
of 5 a Dislodgeable residues of 2,4-D taken during the exposure sessions 
showed a rapid decline from 1 hour following application (8%) to 24 hours 


following application (1%). No detectable residues were found in 4-day urine 
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samples supplied by valtnieer? except for 3 people who were barefoot and 
wearing shorts and contacted the turf 1 hour following 2,4-D application. The 
highest dose was measured in a volunteer who removed his shirt for 30 minutes 
of the exposure session (426 yg). Exposure levels of the other two volunteers 
who wore the prescribed clothing were owen (153 and 103 pg). No detectable 
residues were found in urine samples supplied by volunteers exposed to sprayed 
turf 24 hours following application. These results indicate that at the doses 
measured, exposure to sprayed turf should present little risk in humans. 
However, people can reduce exposure to non-detectable levels by remaining off 
treated turf for a period of 24 hours or until after rainfall or irrigation so that 


dislodgeable residues and therefore potential exposure are essentially zero. 


INTRODUCTION 

Public concern regarding the use of pesticides on residential and publicly 
accessible areas has prompted the Ontario Provincial Government to require 
posting of all professional pesticide prlicncet These regulations, which 
exclude the homeowner applicator, require the posting of signs which bear the 
message "KEEP OFF". These signs must be posted at the application site for a 
period of up to 24 hours before and 48 hours after the pesticide application. 

The general public may be exposed to turf pesticides by dislodging them 
from treated plant surfaces. Recent studies (Thompson er al., 1984) have shown 
that a maximum of 6% of the originally applied amount of 2,4-D can be 


dislodged from the turf immediately after spraying. When the application is 
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2,4-D at the application site; and to defermine appropriate re-entry periods for the 


general public following application of pesticides to private and public areas. 


MATERIALS AND METHODS 

The re-entry periods tested in this study were 1 hour and 24 hours 
following 2,4-D application. The same area of turf was used for both exposure 
periods which were conducted 1 month apart under similar weather conditions. 
No rainfall occurred on either exposure day. 
Volunteers 

Volunteers were chosen from faculty, staff and students at the University 
of Guelph. Ten volunteers, consisting of two females, aged 22 and 25, and eight 
males ranging in age from 22 to 55 participated in the exposure session 1 hour 
following the pesticide application, and 24 hours following pesticide application, 
ten volunteers consisting of two females, aged 25 and 31, and eight males aged 
22 to 61 took part in the study. Prior to both studies, the volunteers were split 
into two groups Five of the participants wore long pants, a t-shirt, socks and 
closed footwear. The other five wore shorts and a t-shirt and were barefoot. All 
volunteers were supplied with written information outlining the possible risks they 
would be taking to participate in the study. It was estimated that no higher than 
1 mg total dose would be possible. The protocol was appraised and approved by 
the University of Guelph Ethical Review Board and Consent forms were signed 


before the initiation of the study. 


Application 
The area of turf used was mowed three days in advance of each study to 
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level out the grass surface. Ten areas of 2 m by 15 m were marked out side by 
side with a bright yellow rope pegged into the ground. Five areas of 1 m by 1 
m were marked out for the dislodgeability portion of the study. A professional 
lawn care company representative of the industry in Ontario was asked to apply 
the pesticide on both dates. A eae of 2,4-D amine/mecoprop/dicamba 
(190:100:18 g/L) was used at a rate of 1.0 kg a.e.(acid equivalent)/ha. 
Theoretically, 3.3 g of 2,4-D a.e. were present in each 2 by 15 m plot and 0.11 
g a.e. in each 1 m by 1 m plot. The plots were sprayed cross wise so that any 
overlap in the spray pattern would be identical in each plot. 
Exposure 

The volunteers arrived at the spray site between the period of 12:00 and 
12:15 p.m. and were randomly assigned to plots. At 12:30 (1 hour and 24 hours 
after the completion of the spray application) they were asked to step into their 
plots and begin the 60 minute exposure session. The volunteers were instructed 
to walk on the turf for a period of 5 minutes and then sit or lie on the area for 
5 minutes and to continue in this fashion for 50 aoe minutes. Each person was 
asked to cover the largest area possible in the plot while walking and to expose 
the greatest area of their body while lying or sitting on the plot. Volunteers sat 
on six different areas of the plot to facilitate maximum exposure. One volunteer 
in the 1-hour exposure session removed his shirt during the last 30 minutes of the 
study. The whole exposure period was videotaped. Following the 60 minute 
exposure, the participants were allowed to wash their hands and were served a 


picnic lunch on an adjacent unsprayed area of turf. 
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During the 1 hour exposure period, dislodgeable residues were determined 
by vigorous wiping of five, 1 m? plots as described by Thompson et al., 1984. 
A pair of running shoes was covered with disposable polyethylene plastic bags 
and a double layer of cheesecloth, tied above the ankle. The cheesecloth was 
moistened with distilled water and the sampling was performed by scuffing 
backwards and forwards across the grass in a 1 m? area for 1 minute while 
wearing the covered shoes. The cheesecloth was removed from the shoes, and 
the excess unexposed material was cut away. The cheesecloth sample was 
immediately immersed in acetone and transported to the laboratory for extraction. 
Biological monitoring 

To check for previous exposure to 2,4-D, a moming urine sample was 
obtained from the volunteer on the day of exposure and was stored in a 
refrigerator in 500 mL NALGENE bottles until it was picked at noon hour. Sub- 
samples of approximately 100 mL were taken from the moming pre-exposure 
samples supplied and were spiked with 22 fe 2,4-D acid dissolved in methanol 
to serve as field recovery checks. Spikes were stored in 125 mL or 500 mL 
NALGENE bottles and were retumed to the volunteers following the 1 hour 
exposure session. Volunteers were instructed to store the spiked samples with 
their day 1 samples either in the refrigerator or soft sided cooler bags with frozen 
ice packs. 

Immediately following application, the volunteers were instructed to 


collect all urine for a consecutive 4 day period. A minimum of 4 clearly labelled 
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2L NALGENE bottles were supplied to each volunteer, one or more for each 
day. 

Upon arrival in the laboratory, the volumes of all samples (pre-exposure, 
spike, day 1, 2, 3 and 4) were measured and 1 ml sub-samples were taken from 
day 1, 2, 3 and 4 samples and analyzed for urinary creatinine. Urinary creatinine 
is a waste product of creatine which is necessary for muscle metabolism, and it 
is formed by an irreversible reaction at a fairly constant rate. It is commonly 
used as an index of the completeness of 24-hour urine collections (Murphy and 
Henry, 1979). 

Sample Analysis 

Laboratory procedures used to analyze air and urine samples were similar 

to those described by Libich et al. (1984) and Frank et al. (1985). Dislodgeable 


residues of 2,4-D were analyzed as described by Thompson et al. (1984). 7 


RESULTS AND DISCUSSION 
Dislodgeable residues of 2.4-D 
Dislodgeable residues of 2,4-D determined 1 hour and 24 hours following 
application (Table I) were similar to those found by Thompson ef al. ,(1984) who 
found that less than 6% could be dislodged immediately after spraying at a rate 
of 2.24 kg a.e./ha and 4.5% when sprayed at a rate of 1.0 kg a.e./ha. Although 
residues determined in this study were slightly higher, they showed a similar 


rapid decrease over time. Higher dislodgeable residues may have been due to 


spraying techniques used, weather conditions and the composition of the turf 
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surface. It should ihe be noted that a professional applicator applied the 
pesticides and the researchers had no control over the rate. This may have 
resulted in higher than recommended rates applied to the plots. Results of these 
dislodgeablility studies cannot be directly statistically compared because 
experiments were conducted 1 month apart. These results do however, allow for 
a comparative estimation of human exposure based on amount of dislodgeable 
residues at the time of exposure. 

Similar comparisons have been attempted by other researchers. Zweig ef 
al. (1985) determined the relationship between dermal pesticide exposure by fruit 
harvesters and dislodgeable foliar residues of captan, vinclozolin, carbaryl, and 
methiocarb. A positive correlation between these two parameters was found and 
log-log regression analyses were essentially linear between dislodgeable foliar 
residues and dermal dose rates. The authors proposed that a rough first 
approximation of dermal exposure rate for fruit harvesters based on dislodgeable 
foliar residues (DFR) can be calculated using the following expression: 


Dermal Exposure Rate (mg/hr) = 5 x 10° x DFR 


This transformation suggests a method for obtaining exposure rates of fruit 
harvesters in order to obtain safe re-entry periods without involvement of human 
subjects. However, this equation does not account for variation in percutaneous 
penetration of different pesticides and does not allow for the calculation of total 
dose, which is more relevant to human health risk assessment. | 

A herbicide which may be highly dislodgeable from leaf or plant surfaces 


(which indicates high dermal exposure rates) may be poorly absorbed through 
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_ Table! 
1 Dislodgeable Residues of 2,4-D Applied to Turfgrass 1 Hour and 24 Hours 
Post Application. 


. Dislodgeable Residue - 1 Hour | Dislodgeable Residue - 24 Hours 
[it | mem? | ot Appies | maim’ | % of Applies 


[+ [4900 | aes | 080 0.9818 
a 
| X + SE | 8.45 + 0.927 | 7.61 + 0.949 | 8.12 + 0.028 | 1.02 + 0.026 


Contro 





2 Not applicable 


human skin thus reducing potential exposure. Studies conducted by Feldmann 
and Maibach (1974) indicate that, of 12 pesticides tested, carbaryl was almost 
completely absorbed (73.9%) following topical administration to the ventral 
forearm, and diquat showed only slight penetration. All other compounds tested 
ranged between 5 and 20% absorption. These absorption factors will dramatically 
affect total dose absorbed in humans and must be considered when establishing 
re-entry periods. 
Human Exposure 

Total dose of 2,4-D found in 96 hour urine samples supplied by volunteers 
is presented in Tables II and III. Creatinine values were calculated in mmoles 


from daily volume measurements for four 24 hour periods for each volunteer and 
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. Table II 
Total Dose of 2,4-D Found in Urine Samples Supplied by Volunteers Exposed 


to Turf 1 Hour Following a 2,4-D Application. 


Vol.# Spiked Baseline a soe 4D 
Recovery | Exposure 
2, ‘ED 


Se ed 
aS Ss seeeeen 
[stone | 795 | in| 9754] n> | zou | 536 
Cerne | m3 | use| ors wo | wo | cco 
eps | 27 | 229{ 9990] no | x | 00 | 
Forms | so | wor r629| ose] = [= _| 


a mean of the 4 days is reported. All creatinine values were above or fell within 
the normal range for adult females (5.0 - 16.0 mmole/24 hours) and for adult 
males (7.0 - 18.0 mmole/24 hours), and showed little variation on a daily basis, 
indicating complete sample collection. 

The highest exposure encountered in a volunteer (#5, shorts) occurred 1 
hour following application and was found in a volunteer who removed his shirt 
for 30 minutes of the exposure period. The extra area of skin exposed to the turf 
surface during the exposure session may account for the increase in total dose 


calculated. Exposure of Volunteer #5 was at least two times higher than other 
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Table III 
] Total Dose of 2,4-D Found in Urine Samples Supplied by Volunteers Exposed 
| to Turf 24 Hours Following a 2,4-D Application. 


) Vol.# | Weight | Creatinine | Spiked | Baseline | Total | 2,4-D 2 
(kg) Recovery | Exposure ug uglkg | 
: 2,4-D | 

} - sete | ~ 


J 2srors | 773 | 135 | iossi| no | no | 000 | 
| ND | 0.00 | 


| 63.6 _| 
|e 










1 Non-detectable < 5 pg/L 
** removed from study because of positive baseline. 


due to positive baseline exposures. These results indicate that the area of skin 
exposed to treated surfaces can affect total dose absorbed. This broad statement 
does not account for variations seen within the 1 hour exposure group wearing 
shorts. As with all human experiments, the individual variation between subjects 
is the most difficult to control. The absorption of pesticides through human skin 
occurs at different rates and personal habits (i.e. how people sit or lie) may affect 
either area of contact with the treated surface or the anatomic site of the body 


exposed. The time before bathing or showering will affect the absorption of the 


volunteers wearing shorts when considering both total dose and dose on a mg/kg 
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body weight basis. No 2,4-D was detected in urine samples of volunteers 
wearing long pants and closed footwear (Table II) or in either group 24 hours 


following application (Table II). Two volunteers were removed from the study 


pesticide and various other factors such as amount of exercise and sweating, and 
the wearing of contaminated clothing, may affect absorption. 

The relationship between total dose and dislodgeable residues of 2,4-D is 
shown in Table IV. Average total dose for the 1 hour re-entry period was 
calculated from volunteer #’s 1 and 4 total dose measurements assuming a worst 
case scenario but, for sake of comparison with the 24 hour re-entry period, 
volunteer # 5 was not included. An absorption factor was calculated by dividing 
the amount of 2,4-D (mg) available for human contact by the average of the two 
exposures. This factor was used to estimate the theoretical total dose of 2,4-D 
which could be found in urine samples of volunteers in the 24 hour re-entry 
exposure session. This dose was calculated at 16.8 ng. This is the theoretical 
amount of 2,4-D that would be recovered in a volunteer who wore shorts and 
showed no variation with the two volunteers in the 1 hour exposure session. All 
five volunteers had urine volumes of at least 4 litres, over the 4 day period, 
which would reduce exposure to non-detectable levels (5 ppb). It is thus possible 
that these people were in fact exposed, but below the limit of detection. 

In summary, it appears that type of clothing worm during exposure to 


sprayed turf will affect the total dose absorbed in a human. In addition, as 


_ dislodgeable residues decline, human exposure to 2,4-D will decrease. The 


highest total dose calculated in any volunteer was less than 0.5 mg. This is much 
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; Table IV 
| The Relationship Between Dislodgeable Residues and Total Dose of 2,4-D 


Percent dislodgeable: 


Amount of 2,4-D available for human contact (mg): 


— 
| Average total dose (ug): 





1 Absorption factor: 


1 Average of volunteer #’s | and 4. 
2 Theoretical dose estimated by dividing amount available for human contact with 
absorption factor. 


lower than the acceptable daily intake of 23.9 mg (0.3 mg/kg/day) suggested by 
the World Health Organization (WHO, 1984). However, people who wish to 
reduce pisene to non-detectable levels, can remain off treated turf for a period 
of 24 hours or until after rainfall or irrigation so that dislodgeable residues and 
therefore potential exposure are essentially zero. 

It must also be considered that children may be exposed to sprayed turf 
by routes uncommon to adults. Adult exposure is mainly dermal, while oral and 
‘inhalation sara are minimal for 2,4-D. Children may eat grass or dirt and 
ingest the pesticide. This should be taken into consideration when advising the 


public on exposure reduction practices. 
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VEGETATION MANAGEMENT STEERING COMMITTEE 
COMMITTEE REPORT 
REGION 4 
by Garth Baxter Regional Pesticide Specialist 


OVERVIEW OF REGIONAL PROGRAMS 


PESTICIDE TECHNOLOGY DEVELOPMENT 


NAPIAP 

A two year study was completed, with Utah State University, on "Tall Larkspur 
Control on High Elevation Rangelands: Assessment of Herbicide Application 
Techniques and Environmental Impacts". It compared the effectiveness of 
glyphosate, metsulfuron, and picloram on the control of this important 
poisonous plant on rangeland. It also compared the herbicide residues of the 
three products in runoff water and soil depths. A summary of the report is 
enclosed. 


We have just started a two year study with Utah State Water Resources 
Laboratory on "Influences of Soil Organic Matter Type and Quantity on the 
Sorption Behavior of Selected Pesticides in Forest and Rangeland Soils". The 
products being tested include sulfometuron methyl, trichlopyr, and hexazinone. 


VEGETATION MANAGEMENT. 

The past two years a number of demonstration plots have been put in throughout 
the Region for the use of herbicides in controlling undesirable vegetation in 
timber site preparation and release. These studies have been expanded to 
include the control of brush on ski areas and for right-of-way maintenance. 
There is a considerable amount of competing and unwanted vegetation in the 
Region in timber sale areas. The herbicide tool has not been used in managing 
this problem. Low impact methods of vegetation management were employed in the 
demonstrations. The studies are now complete and the results will be prepared 
this winter. This work was done in conjunction with Max Williamson, Vegetation 
Management Specialist. Max will be making a presentation at this meeting 
explaining these methods. 


Demonstration plots have also been put in the past two years on especially 
problemsome noxious weeds and range weeds which we have only been marginally 
successful in controling. Most of these studies involve the sulfonyl urea 
herbicides of chlosulfuron, sulfometuron, and metsulfuron. These studies are 
complete and are now in the process of being analyzed. 


RISK ASSESSMENT. 

The Region coordinated the preparation of the "Risk Assessment for Herbicides 
Used in Forest Service Regions 1, 2, 3, 4, 10 and Bonneville Power 
Administration Sites". This has been a major effort the past two years. This 
document is now complete. Training is now underway for Forest and District 
Pesticide Coordinators and other resource people who will be incorporating this 
in their site specific vegetation management projects. This Training is being 
provided in Region 4 and to some of the other Regions. 


CONTROL PROJECTS 


NATIONAL FOREST PROJECTS WITHIN THE REGION 

Enclosed is sheet showing the summary of pesticide projects within the Region 
for 1991. The 1992 reports are not in at this date but the program is similar 
to 1991. You will note that the Region pesticide program is not especially 
large but it is quite diverse. 


Enclosed also is a sheet indicating the historic and projected vegetation 
Management programs with herbicides in Region 4. This information is compiled 
from material supplied by the Forests. The huge increases projected for the 
future program reflects the amount the Forests estimated they would do after 
the Risk Assessment is completed. These acres appear very ambitious and are 
probably not realistic to achieve but they do indicate a strong need and desire 
on the part of our field people to use herbicides in vegetation management. It 
is interesting to note that in the past 5 years, 96% of the herbicide 
vegetation management program in R-4 has been in range or noxious weed control. 
The future projection, after the Risk Assessment is now completed, is for 98% 
of the herbicide use to be in the range or noxious weed program in the Region. 
Noxious weeds are normally found on range land and are administered through the 
range program. I suspect that Regions 1, 2, and 3 might show a similar 
interest. This all points the need to have experts in the range resource as 
well as forestry represented on the Vegetation Management Steering Committee. 
This is not the current case. 


Tal) Larkspur Control en Hiph Rlevation Ranpelands: 
Assessnent of Herbicitle Application Techniques 
and Environmental Tinpacts 


Larkspur control summary 

Glyphosate was most effective on both species of Larkspur at both 
locations. The spray application of plyphosate was more effective than the 
roller. But Cay hhents. being nouselective, killed most of the desirable 
perennial species. Weedy annual ferbs and rhizomatous forbs increased following 
spray application, at Oakley. The voller applicator was not as detrimental to 
cover and production of perennial forbs and prasses as the spray. However, the 
other selective herbicides allowed prass productton to increase more than did 
glyphosate. 

Metsulfuron was more effective on duncecap Larkspur at Oakley than tall 
zarkspur at Manti. It killed /0-81% of duncecap larkspur with the spray 
application at 1.1] and 2.2 kg/ha respectively. Nowever, Ralphs et al. (1992) 
ee kill rates near 100% on the same KW in previous years. Control of 
tall larkspur at Manti was very Jaw. The cool weather and unfavorable growth 
conditions at the subalpine zone in the early growth stages may limit the 
usefulness of metsulfitron on these sites. There was no difference in application 
methods at Oakley, but the roller applicator pave a better kill of tall larkspur 
than’the spray at Mant{i. Metsulfuron allowed prasses to increase more than the 
other herbicides. 

Picloram was more effective on tall larkspur at Manti than on duncecap 
larkspur at Oakley. llowever, the 2.2 kp/ha spray rate killed greater than 85% 
of larkspur plants at both locations. There was no difference in application 
methods at Manti, but the roller was much less effective at Oakley. Picloram 
allowed grass cover and production to increase, but the higher rates limited the 


amount of increase in prass covez and production at Manti. 


HISTORIC AND PROJECTED ANNUAL 
VEGETATION MANAGEMENT 
WITH HERBICIDES 


Intermountain Region - Forest Service 


Rae Future/Annual 

Average Projected 

Site Prep and TSi 3,800 
Range 730 14,754 
“Wildlife and Fish / 675 
Recreation 16 
Special Uses = hae | 73 367 
Corridors/Minerals 7 198 
Roads/Facilities 286 405 
SUB TOTAL | 20,215 
Noxious Weed ** 204,000 
TOTAL eae 10,915 224,215 


Fieferences: Responses to 2100/1950 letter to R-4 Forest Supervisors (11/29/88) requesting historic and 
projected data for Vegetation Management EIS. 


* Acres treated in 1991. 
dd Acres based on projections estimated In the 1986 Intermountain Region Noxious Weed EIS. 


1991 PESTICIDE USE 


Intermountain Region 
INSECTICIDE AND PHEROMONES 


Western Pine Beetle 1,150 Trees Pheromones 

Gypsy Moth 30,000 Acres Bt 

Tussock Moth 600 Acres Pheromones 

D.F.Beetle 500 Trees Pheromones 

Mormon Cricket 3,548 Acres Carbaryl 

Grasshoppers —wrereeee ween 

Mosquito Control 18 Acres Bt 
FUNGICIDES 

Nursery Root Rot 23 Acres Fungicide 
HERBICIDES 

Noxious Weed Control 9674 °#Acres Herbicides 

Range Management 874 Acres Herbicides 

R-O-W 60 Acres Herbicides 

Poisonous Plants 98 Acres Herbicides 

Nursery Weeds 33 Acres Herbicides 

General Weed Control 150 Acres Herbicides 
MISCELLANEOUS 

Undesirable Fish Control 15,600 A/F Rotenone 

Pocket Gophers 7,582 Acres Strychnine 


Predators ———— swerve Sodium Cyanide 


HISTORIC AND PROJECTED ANNUAL 
VEGETATION MANAGEMENT 
WITH HERBICIDES 


Intermountain Region - Forest Service 


Past 5 


Yeas, | “Projected 
Site Prep and TSI 3,800 
Range 730 14,754 
Wildlife and Fish 675 
Recreation 16 
Special Uses 367 
Corridors/Minerals 198 
Roads/Facilities 286 405 
SUB TOTAL Paee 20,215 
Noxious Weed ** 204,000 
TOTAL 10,915 224,215 


References: Responses to 2100/1950 letter to R-4 Forest Supervisors (11/29/88) requesting historic and 
projected data for Vegetation Management EIS. 


* Acres treated in 1991. 
** Total 1991 acres based on projections estimated in the 1986 Intermountain Region Noxious Weed EIS. 
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EXECUTIVE SUMMARY 


The U.S. Department of Agriculture (USDA) Forest Service (FS) Regions 1, 2, 3, 4, and 10 
and the Bonneville Power Administration (BPA) have proposed to use various herbicides, 
Carriers, and additives in programs to control unwanted vegetation. The programs are 
proposed to be carried out on rangeland, forestland, facilities, rights-of-way, recreation 
(administration), and riparian sites. A risk assessment was conducted to determine what 
human health risks and what risks of effects to nontarget species are posed by potential 
exposures to 21 herbicides and 4 carriers (or additives) as listed below: 


¢ Herbicides: 


Amitrole Imazapyr 

Atrazine Mefluidide 
Bromacil Metsulfuron methyl 
Chlorsulfuron Picloram 
Clopyralid _ Prometon 

2,4-D Simazine 

Dicamba Sulfometuron methyl 
Dichlobenil Tebuthiuron 
Diuron Triclopyr 
Glyphosate Trifluralin 
Hexazinone 


¢ Carriers (or additives): 


Diesel oil Kerosene 
Limonene Mineral oil 


Nonchemical methods including manual, mechanical, biological, and prescribed burning 
techniques are also proposed to control unwanted vegetation. A description of the manual, 
mechanical, and biological methods and an evaluation of the risks of prescribed burning are 
presented in this document in addition to the chemical risk assessment. 


Chapter I introduces the risk assessment document. Chapter I examines the nonchemical 
control methods used to control unwanted vegetation and provides a human health risk 
assessment for exposure of members of the public and workers to fire, smoke, and volatilized 
herbicides from prescribed burning operations. 


Chapter II, consisting of eight sections that comprise the bulk of the document, examines the 
health risks to humans and the risks to nontarget species from the use of chemical control 
methods to manage unwanted vegetation. Sections III-A and III-B describe the risk 
assessment methods and the vegetation management programs evaluated for risk. Sections 
I-C, DI-D, and I-E present the human health hazard analysis, exposure analysis, and risk 
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analysis, respectively. Sections III-F, IJ-G, and II-H present the nontarget species hazard, 
exposure, and risk analyses. 


HUMAN HEALTH RISK ASSESSMENT METHODOLOGY 


The methodology for this risk assessment employed three principal analytical elements—hazard 
analysis, exposure analysis, and risk analysis—to characterize the potential adverse health 
effects of human exposures to the herbicides and carriers. 


Human Health Hazard Analysis 


The human health hazards associated with using each herbicide or carrier were determined 
from extensive literature searches and relevant data submitted to the Environmental Protection 
Agency (EPA) in support of each of the pesticide’s registration. This information was 
reviewed in particular to identify toxicity reference levels determined in laboratory animal 
studies for comparison with estimated program doses. The reference levels used in the risk 
assessment included systemic effect no-observed-effects levels (NOELs), 
reproductive/developmental NOELs, threshold limit values (TLVs), and cancer potencies 
(cancer slope factors). The neurotoxicity, immunotoxicity, genotoxicity, carcinogenicity, and 
synergistic effects of each herbicide and carrier were reviewed to develop the weight-of- 
evidence discussions for those endpoints. 


Where data were lacking or scientific uncertainty existed for a particular pesticide about a 
specific toxic effect—for example, genotoxicity—the basis for the uncertainty was identified. 
Where possible, for the purposes of the risk assessment, a conclusion was drawn about 
whether the chemical might cause the effect in question based on the weight-of-evidence of 
all pertinent available data. Where sufficient ancillary data did not exist, no conclusion was 
drawn about whether the chemical might cause the effect in question. 


Human Health Exposure Analysis 


Herbicides used in the programs are proposed to be applied by four methods —aerial 
application, backpack, ground mechanical, and hand application. 


For each application method, two human populations were evaluated in terms of their 
potential to be exposed to the herbicides and carriers. The first population at risk consisted of 
members of the public who live or work nearby, or who visit an area where the herbicides are 
being applied. These individuals may come into contact with the herbicide during application 
via spray drift or after application by touching contaminated surfaces or consuming 
contaminated water or food items. The second group at risk were the workers participating in 
the application operations. Workers included fuel truck drivers, pilots, mixers, loaders, 
applicators, and individuals who may perform more than one of these functions. 


Exposure scenarios were developed for each application type to estimate doses to the public 
and to workers of each pesticide used in that application type. The scenarios took into 
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account the potential route of exposure, the relevant characteristics of the individual exposed, 
the ume of inception and the duration of the exposure, the distance from the treated area, and 
the level of protection against receiving a dose from such an exposure that the person might 
possess. 


In most cases, three levels of exposure were analyzed for both members of the public and 
workers: routine-typical, routine-extreme, and accidental. In addition, on facilities and 
riparian sites, backpack application may be used to apply herbicides up to the water’s edge. 
In these cases, an additional level of exposure was included to account for this practice. 


It is important to note here that the risk assessment does not quantify the probability or 
likelihood that any single member of the public will be exposed, but rather estimates public 
health risk assuming an individual is exposed under a given set of circumstances. In fact, the 
chances that any member of the public will actually be exposed in these operations are 
expected to be extremely low because of the remoteness of most application sites and because 
of the standard operating procedures the agencies employ to keep the public out of treated 
sites. Thus, the routine-typical public exposure scenarios were designed to estimate the most 
likely level of exposure that would occur assuming a person is exposed under the prescribed 
set of circumstances. The routine-extreme scenarios were designed to estimate what could be 
the highest exposure levels likely to occur, again assuming a person is exposed under the 
same set of circumstances. The accident exposures scenarios were designed to estimate the 
level of exposure that could occur to a member of the public only in the event of an 
emergency situation, such as a spill or aircraft jettison. 


Exposures to members of the public were determined by evaluating the transport and fate of 
the pesticide in the environment and estimating the amount to which a person might be 
exposed by each potential exposure route. This methodology required knowledge of specific 
attributes of each pesticide used to determine its movement and fate in the environment after 
application and its persistence on different environmental surfaces and in various 
environmental media. Also important in this analysis were the distances between the edge of 
the treated area and the person themself or the items which the person might contact or 
ingest. These distances varied for each type of application—aerial, backpack, and ground- 
mechanical applications—and for the routine-typical, routine-extreme, and accident scenarios. 
Exposure to hand applications was not considered due to minimal drift. 


Exposures to members of the public near the treatment area during or just after an application 
were evaluated for a variety of scenarios. These scenarios were chosen to represent the range 
of activities persons might be engaged in near these sites. Scenarios involving single routes 
of exposure included dermal exposure to offsite drift or vegetation or dietary exposure to 
water contaminated with offsite drift residues, contaminated fish, or berries. Scenarios 
involving multiple routes of exposure included both dermal and dietary exposures to hikers, 
berries pickers, anglers, or nearby residents. Assumptions of drift distances, offsite drift 
deposition, consumption amounts, and other parameters needed to calculate doses are 
provided in detail in this document. Inhalation exposure was not considered in the public 
exposure scenarios, due to the small contribution an inhalation dose would make to the total 
dose and the remote chance of inhalation occurring. 
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Exposures to workers were determined by extrapolating from doses found in field studies of 
similar types of pesticide applications. These studies most often based exposure estimates on 
an analysis of worker urine samples. Studies of this type were used where the work 
assignments were similar enough to the field study assignment to make the extrapolation 
appropriate. In estimating worker risk, information was used about the application equipment 
employed by each worker, the total amount of active ingredient applied on a daily basis, 
dermal penetration of each chemical, and the protective clothing worn during routine-typical 
and routine-extreme applications. 


Scenarios developed for accidental exposures of both members of the public and workers 
included a direct spray of a person, direct spray of vegetation or water, immediate reentry into 
a treated area, and spills or jettisons of concentrated herbicides or mixtures. 


Human Health Risk Analysis 


Human health risks were evaluated in this risk assessment based on risk of systemic and 
reproductive/developmental health effects from chronic exposure, as well as the risk of cancer 
from repeated exposure to those substances considered possible carcinogens by EPA. In the 
prescribed burning risk assessment, risks were quantified for exposure to polynuclear aromatic 
hydrocarbons (PAHs) and volatilized herbicides in smoke from prescribed burning operations. 
Human health risks from PAHs contained in smoke from buming of woody vegetation were 
evaluated based on risk of cancer from repeated exposures. Human health risks from 
herbicides used in brown-and-bum operations were quantified for both chronic and cancer 
risks. In the pesticide risk assessment, human health risks were evaluated for exposures to 
the herbicides and carriers used in broadcast applications and in spot treatments. Human 
health risks from the herbicides and carriers were evaluated for both acute and chronic effects 
and for cancer risk. 


Chronic health risks from the herbicides used in brown-and-burn operations were evaluated by 
comparing the estimated herbicide concentration in the air to the TLV. The TLV is an 
exposure limit established by the American Conference of Governmental Industrial Hygienists 
and represents the air concentration a person can be exposed to 8 hours a day, 40 hours a 
week, for a working lifetime, without suffering adverse health effects or significant 
discomfort. The TLVs are described in the hazard analysis; the airborne concentrations are 
estimated in the exposure analysis. The risks of adverse health effects were evaluated in 
terms of a margin-of-safety (MOS), which is the ratio of the air concentration estimated in the 
exposure analysis to the TLV. Risk increases as the estimated air concentration approaches 
the laboratory toxicity level—that is, as the MOS decreases. 


Systemic health risks from the herbicides and carriers used in broadcast applications and spot 
applications were evaluated by comparing the estimated doses for each pesticide in each 
scenario to the laboratory-determined toxicity levels noted in the hazard analysis. The 

toxicity levels are described in the hazard analysis; the doses were calculated for each 
scenario in the exposure analysis. The risks of threshold effects were evaluated in terms of a 
margin-of-safety (MOS), which is the ratio of the dose estimated in the exposure analysis to 
the systemic or reproductive/developmental NOEL. Risk increases as the estimated dose 
approaches the laboratory toxicity level—that is, as the MOS decreases. In general, where the 
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MOS for a given estimated dose was calculated to be 100 or greater, the dose is described as 
posing a low risk of health effects. Where the MOS is calculated as less than 100 but greater 
than or equal to 10, the dose is said to pose a moderate risk of health effects. MOS’s less 
than 10 pose a high risk of health effects. Where EPA has used an uncertainty factor other 
than 100 in determining their "safe" lifetime dose level (reference dose or RfD), this risk 
assessment uses the EPA uncertainty factor to set the appropriate MOS criteria to determine 
whether an estimated program dose presents a low, moderate, or high risk of human health 
effects. 


The risk of a pesticide causing cancer was evaluated differently because it is assumed that a 
pesticide that may cause cancer has some chance of causing it at any dose level. In this 
analysis, cancer risks were calculated only for chemicals for which EPA has established a 
cancer potency value. These chemicals included the PAHs (benzo(a)pyrene, 
benzo(c)phenanthrene, benzofluoranthenes, perylene, and benzo(g,h,i)perylene), amitrole, 
atrazine, bromacil, picloram, simazine, trifluralin, kerosene, and diesel oil. Cancer risk was 
calculated for various categories of persons who may be exposed to the chemicals, based on a 
number of daily doses averaged over a 70-year lifetime. 


HUMAN HEALTH RISK ANALYSIS RESULTS 


Risks From Prescribed Burning 


The prescribed burning risk assessment quantified risks from exposure to PAHs found in 
smoke from burning operations. The risk assessment also quantified exposure to volatilized 
fractions of the herbicides 2,4-D, glyphosate, hexazinone, picloram, and triclopyr in smoke, 
due to their application prior to the prescribed buming operation. 


The public cancer risk analysis for PAHs indicated that, although the risk of cancer from 
exposure to any one of the chemicals analyzed was less than 1 in 1 million, 200 exposures to 
a combination of the five PAH compounds analyzed produced a cancer risk sightly higher 
than 1 in 1 million. Worker cancer risks were determined to be greater than 1 in 1 million 
after 30 exposures to a combination of the analyzed PAHs. 


To evaluate the risk from inhalation of airborne concentrations of the herbicides which may 
be applied prior to prescribed burning, the estimated airborne concentrations were compared 
to the TLVs for each herbicide. In all cases, the ratio of the TLV to the estimated airborne 
concentration indicated negligible risk of health effects from inhalation of these volatilized 
fractions. A cancer risk analysis was also performed for inhalation of the herbicide picloram. 
This analysis indicated a cancer risk of less than 1 in 1 million. 
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Risks From Herbicides and Carriers 
Quantitative Risk Results 


Risks to members of the public were determined from exposures to herbicides and carriers 
applied by aerial, backpack, and ground mechanical applications methods. Hand applications 
were not analyzed because they were not expected to expose the public, due to negligible drift 
and the small size of the areas treated. In general, low risks to the public were estimated 
during routine-typical operations for most herbicides and carriers considered for use in the 
programs. Exceptions were in the cases of diuron and trifluralin use in some scenarios. In 
routine-extreme operations, amitrole, atrazine, dichlobenil, diuron, prometon, simazine, and 
trifluralin all posed a moderate risk to members of the public in some scenarios. 

Furthermore, high risks of health effects were indicated from trifluralin use, due to its high 
bioconcentration potential in fish, in the scenarios involving human consumption of fish. 


Scenarios were also developed in which herbicides and carriers may be applied up to the 
water’s edge on facilities and riparian sites, using backpack applications. In the case of 
backpack applications to the water’s edge on facility sites, moderate nsks of health effects 
were indicated for amitrole, dichlobenil, diuron, prometon, and simazine. In addition, high 
risks of health effects were indicated for trifluralin, due to its high bioconcentration potential 
in fish. In the case of backpack applications to the water’s edge on riparian sites, moderate 
risks of health effects were indicated for amitrole, diuron, and simazine. 


In all cases under the routine-typical and routine-extreme scenarios, the cancer risk to 
members of the public was less than 1 in 1 million for those herbicides and carriers 
considered possible carcinogens by EPA. | 


Workers were at a much greater risk than members of the public from herbicides and carriers 
used in the programs. Risks to workers were examined from all four types of 
applications—aerial, backpack, ground mechanical, and hand applications. Given similar 
conditions, lower msks were observed for workers operating aerial and ground mechanical 
equipment, even though the total amount of active ingredient applied in a single day was 
higher with these types of equipment. Risks from applying chemicals with backpack and 
hand application equipment were higher, primarily because the proximity of the worker to the 
nozzle or orifice through which the chemical is released and to the container in which the 
chemical is carried, increase the likelihood that the worker will contact with the chemical one 
or more times and that the chemical will remain on the worker’s skin for some period of 
time. 


Under the routine-typical scenarios for aerial and ground-mechanical applications, moderate or 
high risks of systemic or reproductive/developmental health effects were indicated for the 
following herbicides and carriers on at least one types of site: amitrole, atrazine, 2,4-D, 
dichlobenil, diuron, prometon, simazine, trifluralin, and diesel oil. Of all worker types 
analyzed for aerial and ground-mechanical applications, the mixer/loaders in both operations 
were at the highest risk. 
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The herbicides and carriers indicated above as posing moderate or high risks to aerial and 
ground-mechanical workers also posed moderate or high risks to backpack and hand 
applicators treating some of the site types. In addition, moderate or high risks were indicated 
for the following herbicides and carriers on at least one of the site types: bromacil, 
hexazinone, mefluidide, tebuthiuron, triclopyr, and kerosene. 


Under routine-extreme scenarios, many of the herbicides and carriers in the analysis showed 
up as potentially posing moderate or high risk of health effects. Only those herbicides and 
Carriers with the lowest toxicity may be used under routine-extreme conditions with low risk 
of adverse effects. 


Cancer risks to workers during routine operations were based on the average number of days 
in a lifetime a worker would apply each chemical. Based on the assumptions used in this 
analysis, many workers had a greater than 1 in 1 million risk of developing cancer from the 
use of amitrole, atrazine, bromacil, simazine, and trifluralin. In some cases, the risk of 
developing cancer from the use of atrazine or simazine were greater than 1 in 10,000. 


Determination of risks from accidental exposures to herbicides and carriers was also included 
in this document. Public accident scenarios in which drinking water (or fish living in this 
water) is contaminated by herbicides or carriers being directly sprayed on the surface or 
jettisoned or dumped into the water body posed the highest risks. In these scenarios, many of 
the herbicides and carriers pose moderate or high risk of adverse health effects. In some 
cases, cancer risks in these scenarios were greater than | in | million for amitrole, atrazine, 
simazine, and trifluralin. 


In the worker accident scenarios, many of the herbicides and carriers pose moderate or high 
risk of adverse health effects. In some cases, cancer risks in these scenarios were greater than 
1 in 1 million for amitrole, atrazine, bromacil, simazine, and trifluralin, and greater than 1 in 
10,000 for atrazine and simazine. 


Qualitative Risk Results 


Some health effects cannot be evaluated quantitatively and are therefore reviewed 
qualitatively. The health endpoints that are reviewed qualitatively include mutagenicity, 
neurotoxicity, immunotoxicity, and synergism. 


The weight of laboratory evidence from numerous in vivo and in vitro tests that a chemical is 
mutagenic or genotoxic is a principal consideration in the determination of whether the 
chemical poses a risk of causing heritable mutations in germs cells, leading to genetic defects 
or disease in offspring, or of causing mutations in somatic cells that may lead to cancer. The 
weight of evidence indicates that the following herbicides are not mutagens for the purpose of 
this risk assessment: amitrole, chlorsulfuron, clopyralid, dichlobenil, glyphosate, hexazinone, 
imazapyr, mefluidide, metsulfuron methyl, picloram, sulfometuron methyl, tebuthiuron, 
trifluralin, and triclopyr. Bromacil was considered to have a low potential for mutagenic 
responses. The weight of evidence indicates that atrazine, 2,4-D, diuron, and simazine, and 
the carrier diesel oil are mutagenic. The level of risk these latter chemicals represent in terms 
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of causing human mutations is uncertain. Not enough information was available to evaluate 
prometon or dicamba for mutagenicity. 


Neurotoxicity assays address the question of whether a test chemical causes damage to the 
human nervous system. The hen delayed neurotoxicity assay is the most widely employed to 
test for nervous system damage. Neurotoxic effects were observed in five of the herbicides 
that were evaluated. Bromacil, 2,4-D, dicamba, dichlobenil, and trifluralin may potentially 
cause neurotoxic effects. The level of risk of causing human neurotoxic effects that these 
chemicals pose is unknown. The herbicides amitrole and glyphosate did not cause neurotoxic 
responses in test animals. No information was available on the possible neurotoxic effects of 
any of the remaining herbicides. 


A number of laboratory assays have been recommended by scientists to evaluate the risk that 
a chemical might adversely effect the human immune system. Immunoassays include tests 
for immunosuppression, uncontrolled proliferation, alterations of defense mechanisms, and 
allergic responses. Most herbicides have been tested in a single system, the dermal 
sensitization assay in guinea pigs. Several studies indicated that the following chemicals were 
not dermal sensitizers: chlorsulfuron, dichlobenil, glyphosate, imazapyr, metsulfuron methyl, 
picloram, tebuthiuron, and triclopyr. Hexazinone and prometon tested negative for dermal 
sensitization but further review of these studies is required by EPA before a determination can 
be made. The herbicide 2,4-D was not a dermal sensitizer; however, it did cause enhanced 
lymphocyte proliferation, immunostimulatory effects, and immunoglobulin-mediated allergic 
hypersensitivity. Atrazine, dicamba, and trifluralin did cause dermal sensitization. No 
information was available on the possible immunologic effects of the remaining herbicides in 
the program. 


Synergistic effects can be caused by exposure to two chemicals simultaneously or within a 
short period of time. These effects are not predictable and their combined effect may be 
greater or different than the effects of the chemicals when taken alone. Synergism testing is 
done to determine if a test chemical’s toxicity is enhanced (potentiation), reduced 
(antagonism), or unaffected when the chemical is administered with a second chemical. The 
herbicides 2,4-D and picloram produce dermal irritation in test animals when administered 
together, but not when taken alone. The toxic effects of kerosene may be potentiated by 
antiemetics, epinephrine, or alcohol. No information was available on possible synergistic 
effects for any of the other program chemicals. 


WORKER RISK MITIGATION 


A discussion was provided in the document to address methods of reducing risks to workers 
involved in herbicide application programs. An effective risk mitigation technique is to limit 
the amount of herbicide a single worker handles on any given day such that his dose does not 
exceed the low risk level. Tables have been provided in the document that indicate the 
maximum total amount in pounds of active ingredient that a single worker may handle daily 
with low risk of systemic or reproductive health effects. In most instances, the application 
rate needed for a particular purpose cannot be adjusted or the efficacy of the treatment may 
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be sacrificed. However, by altering maximum treatment area as needed application rates are 
determined, risks of worker health effects can be kept low. These tables may be used as a 
tool to plan applications, by the selection of the herbicide used, and the adjustment of 
application rate, application acreage, application equipment used, and types of workers 
exposed, with the goal of protecting worker health. 


Several suggestions are also made in the document on ways to reduce worker risk without 
Changing application schedules and strategies. The mitigating measures include ways to 
reduce the potential for herbicide residues to reach the skin surface, reduce the amount of 
time residues remain on the skin surface, and reduce the chances of recontamination. 


To reduce the potential for herbicides to reach the skin surface, protective clothing and 
equipment checks should be routinely employed. Because most exposure for pesticide 
workers is through the dermal route, not through inhalation or dietary exposure, the use of 
protective clothing can substantially reduce worker doses. Fabric finishes and the use of an 
undergarment layer, such as a tee-shirt, also decrease the chemical dose received. Faulty 
equipment is the most obvious contributor to increased doses in all of the worker studies 
evaluated. By employing routine equipment checks for leaks and malfunctions and by 
promptly setting faulty equipment aside for repairs, unnecessary herbicide exposures can be 
avoided. 


Washing and showering can be effective in reducing the amount of time herbicide residues 
remain on the skin surface. While herbicides are not absorbed instantaneously through the 
skin, over time some portion of the herbicide remaining on the skin surface will be absorbed. 
Therefore, by minimizing the remaining available pesticide on the skin surface, the dose to 
that worker may be reduced. Showers provided at the Forest Service and BPA facilities 
would ensure that workers have the opportunity to shower prior to engaging in other 
activities. 


Reducing the chance of recontamination is also an effective method of reducing risk. 
Laundering practices are important in minimizing herbicide exposure. The availability of 
laundering facilities at the Forest Service facilities would help to reduce risk; herbicide 
residues on clothing could be transferred to car upholstery or items in the home and 
recontaminate workers when they contact the items again. Trucks and other equipment used 
throughout the day can be a source of recontamination for some workers; door handles, 
steering wheels, gear shift knobs, and seat covers could all become contaminated during the 
day. Workers could avoid significant recontamination of their hands if they wore a minimum 
of at least one pair of cotton gloves whenever they were driving or traveling in such a 
vehicle. To avoid general recontamination, separate washable absorbent cotton seat covers 
could be employed in vehicles used in the application operations. To further limit 
transference of herbicides to workers, the vehicle in which they travel to and from the 
application sites should not be used for other travel. 
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NONTARGET SPECIES RISK ASSESSMENT METHODOLOGY 


The methodology for the nontarget species portion of this risk assessment employed the same 
three principal analytical elements as the human health risk assessment-hazard analysis, 
exposure analysis, and risk analysis—to characterize the potential adverse effects on selected 
representative wildlife and aquatic species from exposures to the herbicides and carriers. 


Nontarget Species Hazard Analysis 


The nontarget species hazard analysis summarized laboratory and field study findings that 
evaluated the toxicity of the herbicides and carmiers to wildlife and aquatic species. In many 
Cases, toxicity studies with laboratory animals were used in this risk assessment because of 
the lack of specific wildlife studies. The results of laboratory animal studies are considered 
to be representative of the effects that would occur in similar species in the wild. 


The hazard involved in using each herbicide or carrier was determined from extensive 
literature searches and relevant data submitted to EPA in support of the pesticide’s 
registration. This information was reviewed to determine toxicity reference levels for 
comparison with estimated program doses. The reference levels included oral median lethal 
doses (LD,,s) and median lethal concentrations (LC,,s) to be used in the quantitative risk 
assessment. 


Nontarget Species Exposure Analysis 


Wildlife doses were calculated for a group of wildlife species representative of those typically 
found in areas supporting rangeland, forest land, or riparian vegetation in the Rocky Mountain 
regions. These species represent a range of phylogenetic classes, body sizes, and diets for 
which biological parameters are generally available. Typical and extreme acute dose 
estimates were determined for each representative species for each of the three major 
exposure routes—dermal, ingestion, and inhalation. Because the herbicides degrade relatively 
rapidly and sites are normally treated only once per year, no analysis of chronic wildlife 
dosing was performed. Because the herbicides show little tendency to bioaccumulate 
(although several tend to bioconcentrate i aquatic environments), long-term persistence in: 
food chains and subsequent toxic effects were not considered a problem and were not 
examined in the risk assessment. 


Aquatic species exposures were estimated for a group of representative aquatic species 
typically found in the Rocky Mountain regions. The analysis assumed that the aquatic 
organisms were exposed to herbicide residues by immersion in water bodies that had received 
varying levels of herbicide through drift or direct spraying. Two types of water bodies were 
employed in this analysis—a 6-inch deep stream and a 6-foot deep lake. Typical exposures 
were based on water concentrations in areas where the water surface is partially protected 
from drift by a vegetative canopy. Extreme exposures were based on water concentrations in 
an area with no protective canopy. 
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All herbicide treatments were assumed to be made via broadcast applications from aircraft. 
Aerial applications of herbicide have a significant potential to affect wildlife because these 
broadcast treatments may cover wide geographic areas encompassing many different types of 
terrestrial and aquatic habitats. Ground-based herbicide applications were not analyzed in the 
risk assessment because they have a lower potential to affect wildlife and aquatic species than 
a comparable aerial application of the same herbicide at the same application rate. 


Nontarget Species Risk Analysis 


The wildlife risk analysis compared the estimated acute doses to the representative wildlife 
species with the available hazard information on the most closely related species. To estimate 
the program’s potential risk on wildlife, the doses calculated for each representative species 
were compared to toxicity data on laboratory test organisms (toxicity reference species). In 
many cases, however, toxicity information for the representative species was unavailable. 
Therefore, it was necessary to select a closely related species for which toxicity data were 
available. 


The aquatic species risk analysis compared the estimated environmental concentration (EEC) 
with the laboratory-determined LC., for the most closely related laboratory test species. The 
stream and lake scenarios were devised to represent the broadest possible range of aquatic 
habitat types in the Rocky Mountain regions. Risks were then calculated for two aquatic 
species for which toxicity data are generally available. Trout were chosen to represent cold- 
water fish in both streams and lakes and Daphnia were chosen to represent aquatic 
invertebrate species in both habitat types. 


NONTARGET SPECIES RISK ASSESSMENT RESULTS 


The results of the risk analysis indicate that potential risks to individual animals are low for 
most of the herbicides. Estimated doses for typical exposures result in a low risk from all 
herbicides and carriers. The application rates for several of the herbicides, coupled with 
extreme exposure estimates, may present moderate risks to individuals of some species. 
However, the estimated exposures exceed the LD,, (high risk) only under extreme exposure 
assumptions for the longtail vole during the use of 2,4-D, dicamba, tebuthiuron, and triclopyr, 
and for the belted kingfisher and the river otter during use of trifluralin. 


The program’s potential risk to representative aquatic species was determined by comparing 
the toxicity reference values for trout and aquatic invertebrates with the EECs for the typical 
and extreme stream and lake scenarios. 


In the typical stream scenario, dichlobenil, diuron, and simazine may present a moderate risk 
to trout in streams. Triclopyr, trifluralin, diesel oil, and kerosene may present a high risk. 
Water concentrations of amitrole, atrazine, and dichlobenil in the typical stream scenario may 
present a moderate risk to aquatic invertebrates in streams while diuron, simazine, trifluralin, 
and diesel oil may present a high risk. In the extreme stream scenario, atrazine, bromacil, 
- 2.4-D, dicamba, and picloram may present a moderate risk to trout while dichlobenil, diuron, 
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prometon, simazine, triclopyr, trifluralin, diesel oil, and kerosene may present a high risk. 
For aquatic invertebrates, clopyralid and dicamba may present a moderate risk and amitrole, 
atrazine, 2,4-D, dichlobenil, diuron, prometon, simazine, trifluralin and diesel oil may present 
a high risk. 


In the typical lake scenario, diuron, triclopyr, and limonene may present a moderate risk to 
trout in lakes while trifluralin, diesel oil, and kerosene may present a high risk. For aquatic 
invertebrates in lakes, atrazine, dichlobenil, diuron, simazine, and trifluralin may present a 
moderate risk while diesel oil may present a high risk. In the extreme lake scenario, 
dichlobenil, diuron, and simazine may present a moderate risk to trout in lakes while triclopyr 
and kerosene may present a high risk. For aquatic invertebrates, atrazine and trifluralin may 
present a moderate risk and diuron, simazine, and diesel oil may present a high risk. 
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USFS Forest Pest Management 
National Steering Committee - Vegetation Management 
Report By Jim Brown, Southern Region 
December 1992, Davis, CA 


The Southern Region has the Service's largest herbicide program, with 
65,000 acres treated in FY 1992, using just over 66,000 pounds of active 
ingredient. This is a reduction to about 78% of our FY 1991 program acres, 
reflecting reduced timber harvest acreage, and perhaps some increase in bias 
against use by individual managers. The majority of the applications were used 
in silviculture for site preparation and release; wildlife habitat management 
and right-of-way maintenance account for most of the non-silvicultural 
applications. The Southern Region has a small range management program, which 
accounts for little herbicide use. 


Although we have had authority for over a year to resume aerial application 
of herbicides under limited conditions, our program at present is still 100% 
ground application. This is due primarily to management emphasis on selective 
herbicide treatments to maintain biological diversity. While hardwood control 
is important in the management of southern pines, some hardwood species are 
highly important to wildlife, and some are also valuable timber species. 
Broadcast applications which control hardwoods are thus often undesirable, and 
with the increasing emphasis on uneven-aged silvicultural systems, it is 
unlikely that we will see a resurgence of aerial applications in the future. 
We currently are aware of only one proposal for aerial application during the 
coming year, and approval for it will hinge on whether the U.S. Fish & Wildlife 
Service decides that it may jeopardize habitat for the Red-cocaded Woodpecker, 
a Threatened species. 


We feel that herbicides are extremely important management tools in the 
South. Because of our warm climate and abundant moisture, growing conditions 
are ideal, and we tend to have a lot of vegetative competition to deal with. 
Without herbicides, whether you use chainsaws, bulldozers, or goats, treating 
undesirable vegetation just produces more sprouting, which requires repeated 
treatments. This is both expensive and inefficient, and our Risk Assessment 
has shown that it is also more dangerous to workers than herbicide 
application. As we move toward "Ecosystem Management," it appears that our 
need for selectively applied herbicides will increase. Many of our ecosystems 
are adapted to fire, and fire is no longer acceptable on a landscape scale; in 
fact, it is often unacceptable even on a very small scale. In many cases, 
herbicide use is the only available substitute for fire to maintain these 
ecosystems and the species dependent upon them. Unfortunately, we recognize 
that herbicides are a political hot potato, and we are very concerned over the 
lack of support for the program at the Chief's level. An administrative 
decision to "drop herbicides," such as the decision regarding clearcutting 
announced in the Chief's June 4 letter, would be devastating to both 
silviculture and wildlife programs in the South. We strongly urge the WO FPM 
staff to uphold the program. 


A quick run-down of the herbicides in our program is as follows: 


CLOPYRALID - We have extracted the necessary data from the "Western Regions" 
risk assessment, and hope to complete an amendment to our Vegetation Management 


EISs in 1993 to add this chemical to our toolbox. Its primary purpose will be 
to replace picloram in kudzu control; it is a highly selective chemical which 
essentially controls only legumes and composites, and can thus be used against 
kudzu in established stands of trees without damaging the trees themselves. 
Experimental work with the product has been very promising so far. 


DICAMBA - Although still available, no one in the region is now using this 
chemical. Its soil activity, lack of selectivity, and strong offensive odor 
have rendered it less desirable than other products, and we see no current need 
to use it. 


FOSAMINE AMMONIUM - This is a minor-use product, primarily employed for 
maintaining rights-of-way and the edges of wildlife openings, where it is 
desirable to prune off projecting branches without killing entire trees. We 
are looking at possible uses as a pruning agent to improve hardwood stem 
quality, but the chemical is generally not used for silviculture. 


GLYPHOSATE - This chemical is fairly widely used both in silviculture and in 
wildlife habitat management. It is employed either by injection or as a foliar 
spray; timber industries throughout the South use it as an aerial-applied 
foliar spray late in the growing season for control of hardwoods in intensively 
managed pine plantations. Its low mamalian toxicity and lack of soil activity 
make it an ideal choice in many situations. We have contracted a worker 
exposure study of glyphosate through Georgia Tech. While we have not received 
the final report of this study, the exposure data indicates a much lower risk 
for the product than our modeling predicted; average margins of safety (MOS) 
achieved by the workers in the study were in the range of 168,000, as compared 
to a predicted MOS of 600. Copies of the study report will be made available 
when received. 


HEXAZINONE - We continue to use a fair amount of this product in pine 
management. It has been particularly valuable for hardwood control in longleaf 
pine stands, where hardwoods not only compete for moisture, but also interfere 
with development of the grass understory which is a vital part of the fire 
regime to which longleaf pine is adapted. The mobility of Hexazinone in soil 
has been a concern in many areas, and we generally do not use it in mountainous 
terrain. In addition, the state of Florida passed legislation this year which 
prohibits soil applications of herbicides in any watershed recharge area, and 
this will curtail most future uses of hexazinone in that state. 


IMAZAPYR - This is one of our newer tools, and appears very promising in pine 
management. Although it is soil-active, we employ it primarily as a directed 
foliar spray at very low rates, where we can selectively control or release 
individual hardwoods in pine stands. Recent research has shown very good 
control of hardwoods using a low-intensity injection technique with this 
product, and we are moving toward imazapyr as a replacement for some of our 
tryclopyr injection in future work. We have not recommended soil applications 
of imazapyr because the chemical is extensively used in this way by industry, 
and we are concerned that we not be implicated if any soil or water 
contamination should occur. Soil applications also are non-selective, and do 
not allow us to retain desirable hardwoods. 


PICLORAM - Use of this product is essentially confined to kudzu control, and we 
hope to replace it with clopyralid in the near future. It is a very low-risk 


product in terms of human health; but its soil activity, mobility, and extreme 
toxicity to many economically important plant species dictates that we avoid it 
wherever possible. 


SULFOMETURON METHYL - Our primary use of this product is to control grass 
around longleaf pine seedlings. This pine has a unique early growth form 
called the "grass stage," in which the seedling produces a whorl of needles 
just above the root collar, looking very much like a clump of grass, and does 
not initiate height growth until it has developed a certain level of root 
System and energy reserves. Moisture competition from grasses inhibits 
seedling development, and can thus prevent the initiation of height growth for 
several years. Spot applications of sulfometuron methyl around longleaf pine 
seedlings, either pre-plant or as a spot-over after planting, reduce grass 
competition enough to allow pine seedlings to initiate height growth after the 
first growing season, thus greatly enhancing stand development. Sulfometuron 
methyl has also been shown to improve growth on loblolly pine with spot or band 
treatments, but is not cost-effective in broadcast applications. 


TEBUTHIURON - We do not currently use this chemical, although it could be used 
for range management on drier sites such as the national grasslands in Texas. 
Because of concerns over long half-life and potential for off-site migration, 
(and for human health in the backpack applied scenarios), any use of this 
product requires prior approval by the Regional Forester. 


TRICLOPYR - This product is our most widely used herbicide, and in fact 
accounted for over 75% of our total program acres in 1992. This is of some 
concern to us for several reasons: 1) If registration were to be cancelled or 
suspended for any reason, it could cripple our program; 2) We don't want our 
silviculturists to become accustomed to prescribing the same treatments in 
every situation, but to always look for the best product for the job at hand; 
and 3) Although tryclopyr is an excellent tool, it does have some limitations, 
and is notoriously weak in controlling stump sprouts of maple species. We have 
used tryclopyr amine (Garlon 3A) as an injection chemical, and expect to 
replace it in many applications with imazapyr. Tryclopyr ester (Garlon 4) will 
continue to see wide use as a basal bark treatment, using the "streamline" 
application methods developed by Max Williamson. 


The mixture used in the streamline method has gone through an interesting 
evolution process. We used to apply it at 20% strength in a mixture with fuel 
oil and Cide-Kick adjuvant, but found that the fuel oil actually was more 
dangerous to the applicators that the herbicide. It also had some undesirable 
effects on the treated vegetation, reducing the effectiveness of the 
herbicide. We have switched from fuel oil to light mineral oil (JLB Oil Plus), 
which is more expensive, but much lower in risk. Max Williamson has encouraged 
the chemical companies to continue development in this area, and JLB Chemical 
has just introduced a vegetable oil carrier ("Improved JLB Oil Plus") which is 
available through GSA at the same price as their mineral oil. We are very 
pleased with this product. DowElanco is also working on a vegetable oil 
substitute for the kerosene carrier in Garlon 4. 


A worker exposure study on triclopyr has been completed by Georgia Tech, 
and copies will be made available to other Regions and the WO. The study shows 
that an average MOS of about 150 was achieved, fairly close to the VM FEIS 
model prediction. However, not all workers achieved the minimum acceptable MOS 
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ABSTRACT 
Campbell, R. A., and Howard, C. A. 1993. Priorities for forestry 
herbicide application technology research. Can. J. For. Res. (in 
press) 

A survey was conducted to determine research priorities for forest 
herbicide application technology research. It was sent to persons, 
primarily in Canada and the U.S., with an interest in the topic (users, 
applicators, researchers, regulators). Respondents indicated support for 
both aerial and ground application technology research. The top ten 
priorities of all respondents combined for future herbicide application 
technology research were: (1) determine appropriate scientifically-based 
buffer zones, (2) develop technology to allow the same efficacy with 
reduced active ingredient, (3) develop technology to allow the same 
efficacy with reduced spray volume, (4) determine the optimum drop size 
with regard to efficacy and drift, (5) improve rainfastness of herbicides, 
(6) determine the effect of atmospheric stability and wind on herbicide 
drift, (7) determine the dose-response curve for environmental impact vs 
herbicide deposit, (8) determine the effect of temperature and relative 
humidity on deposit/efficacy, (9) develop atomizers capable of emitting 
a narrow drop size spectra regardless of aircraft speed, (10) determine 
the effect of temperature and relative humidity on drift. The problem, 


"Determine how to develop public support for aerial application of 
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herbicides in forestry", although not really an application technology 
problem ranked number one for Canadian users and aerial applicators, 


and number four for U.S. users. 
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Introduction 


Approximately 200,000 ha of Canada’s forest lands are treated 
with herbicide each year (Campbell 1990). A number of groups with 
significant user input have produced lists of application technology 
problems (e.g., Barry 1990a, 1990b; Buckner 1988; Wiesner 1990) 
which indicates a need for research in this area. Most of the problems 
relate to a desire to improve efficacy, increase application equipment 
productivity, decrease costs, and decrease off-target impact. 

The Improved Pesticide Applications Working Group of the Forest 
Pest Management Institute unanimously agreed in the fall of 1990 that 
there was a need to set priorities for forest pesticide application 
technology research. In addition, members of the Working Group felt 
that there was insufficient coordination of the research being done by 
different agencies across North America and decided that a survey of the 
various stakeholders should be the first step in addressing these 
problems. Respondents would be asked to prioritize application 
technology problems as candidates for research, and to indicate what 
research areas they were currently involved in or would be willing to 
become involved in. This paper reports on the herbicide application 


technology portion of the survey. 


10 


11 


12 


13 


14 


15 


16 


7, 


R.A. Campbell Page 5 


Methods 


Survey content 


A number of committees and groups have prepared lists of 
application technology problems requiring research. The items that 
respondents were asked to prioritize in our survey were compiled from 
the following sources: Spray Efficacy Research Group (Wiesner 1990); 
National Research Council of Canada Associate Committee on 
Agricultural and Forestry Aviation (Buckner 1988; Green 1988; 
McCooeye 1990); USDA Forest Service National Steering Committees 
for Aerial Application of Pesticides (Barry 1990a, 1990b); Forest 
Engineering Research Institute of Canada (J. Dunnigan, personal 
communication); Improved Pesticide Applications Working Group of the 
Forest Pest Management Institute (personal communications). 

Respondents were asked if they placed a higher priority on research 
to improve ground or aerial herbicide application technology. Then they 
were asked to give each of the 59 herbicide application technology 
problems (See appendix) a priority from 1 (high) to 5 (low) for future 
research. Problems for which the respondent felt there were already 


adequate answers were to be rated as 6. The rationale was that if a 
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problem was generally ranked as a high priority for research, and viewed 
by some respondents as being adequately answered, it would indicate 
a need for better technology transfer. 

If any of the items represented areas of research in which the 
respondent was currently involved, or would like to become involved, 
he/she was asked to check mark it and elaborate on the nature of his/her 
potential involvement. This was intended to facilitate the establishment 
of more collaborative research and minimize unnecessary duplication of 
effort. As application technology research often requires resources well 
beyond those of individual agencies, research establishments, users, 
manufacturers and applicators were encouraged to become involved in 


items of their choice. 


Target audience 


The survey targeted a variety of stakeholder groups with an interest 
in forest pesticide application: forest managers/forest pest managers, 
commercial applicators, pesticide regulators, researchers, pesticide 
manufacturers and application equipment manufacturers. The survey 
was weighted towards Canadian responses but researchers, and state 


and federal forest pest management staff in the United States were also 
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surveyed. The basic mailing list was that developed by the Associate 
Committee on Agricultural and Forestry Aviation in the course of 
producing symposia in 1987 and 1990. It was supplemented by 
membership lists of the Canadian Association of Pest Control Officials 
and the Canadian Aerial Applicators’ Association, and lists of contacts 
possessed by researchers at the Forest Pest Management Institute. 
Forest pest management staff in each province supplied names of forest 
management personnel who had experience in pesticide application. The 
USDA Forest Service supplied the names of state and federal forest pest 
management staff. No attempt was made to obtain a random sample of 
each of the target groups. Surveys were sent to persons considered to 
be knowledgeable and interested in forest pesticide application within 
each group. A total of approximately 1500 surveys were sent out. No 
followup requests were made - the results represent surveys returned 


following the initial mailing. 


Data analysis 


Information from the returned surveys was entered into a dBASE IV 
database. Portions of this database were transferred to Lotus 1-2-3 for 


calculations. The priorities for each item were averaged and then 


10 


11 


12 


13 


14 


15 


16 


17 


18 


iL 


R.A. Campbell Page 8 


ranked, with the lowest average being the highest priority. Unanswered 
questions were treated as missing values rather than zeros. The "6" 
values were included in the averages on the basis that if a problem has 


already been solved it should have the lowest priority of all. 


Results and discussion 


Of the 1500 surveys sent out, 297 were returned. Two hundred 
twenty six responded to the herbicide portion of the questionnaire. One 
hundred seventy five of the herbicide responses came from Canada, 46 
from the United States and five from other countries. The distribution 
of Canadian and U.S. responses among the various respondent 
categories are shown in Table 1. 

Although respondents were asked to indicate which respondent 
category they belonged to, some difficulty was encountered in making 
final assignments. Some persons listed several categories. In these 
cases, we chose what we considered to be the most important single 
category. Thus no person’s response was included in the results for 
more than one category. A considerable number of respondents from 
forest management agencies listed themselves as regulators because 


they had some control over the activities of timber companies operating 
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on Crown land. In this paper, the regulator category includes only those 
persons working for an agency whose sole purpose is pesticide 
registration or regulation. 

Table 2 shows the relative importance users and researchers in the 
U.S. and Canada place on ground vs aerial application technology 
research. Fifty-four per cent of the Canadian users felt that a higher 
priority should be placed on research to improve aerial application 
technology while 35 per cent felt a higher priority should be placed on 
ground application technology research. This is consistent with the fact 
that three quarters of the herbicide used for forest management in 
Canada is applied aerially (Campbell 1990). Although U.S. responses 
indicated a strong preference for ground application technology research 
(users - 53%, researchers - 62%), it is not possible to determine whether 
differences between Canadian and U.S. responses are significant 
because of the low number of responses. 

In Canada, almost all mobile ground sprayers developed specifically 
for forestry have been designed by contractors and forest managers. 
Government and university researchers have had little involvement. It 
was because of the lack of information on the topic that the Forest 
Engineering Institute of Canada recently completed a review which 


identified the important characteristics of mobile ground spraying 


10 


ld 


12 


13 


14 


15 


16 


17 


18 


19 


20 


R.A. Campbell Page 10 


systems and described the principal systems used in eastern Canada 
(Desrochers and Dunnigan 1991). Researchers must take a more active 
role in this area if their work is to remain relevant to the needs of the 
users. 

Tables 3 to 8 give the top ten herbicide application technology 
research priorities for Canadian users, aerial applicators, researchers and 
regulators, and for U.S. users and researchers. The problem, "Determine 
how to develop public support for aerial application of herbicides in 
forestry", although not really an application technology problem ranked 
number one for Canadian users and aerial applicators, and number four 
for U.S. users. Clearly, the people actually applying herbicides see 
negative public opinion as the most important limiting factor. Technical 
arguments have not convinced the public that herbicide use is 
acceptable. New approaches for responding to public concern need to 
be developed and should involve input from the social sciences along 
with that from users and forest researchers. There are some differences 
in the priorities of the various groups but most can be grouped into 
several categories: reduce costs (reduced active ingredient, reduced 
spray volume); increased efficacy (improved rainfastness, optimum drop 


size, best atomizer for different situations, effect of humidity on efficacy, 
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improved pilot guidance); reduced environmental impact (buffer zones, 
meteorological effects on drift, non-target dose-response curves). 

Table 9 gives the top ten priorities overall based on equal 
weighting of each of four respondent categories (forestry users, 
researchers, Canadian aerial applicators and Canadian regulators). These 
are the items most likely to be addressed because, if the researchers see 
them as priorities, they will want to work on them, and if the users see 
them as priorities, the researchers will be more likely to get funding and 
approval to work on them. 

In spite of the significant proportion of respondents who placed a 
higher priority on ground application research, relatively few of the 
ground application problems made it into the top ten priorities for 
individual respondent groups and none made it into the overall top ten. 
This apparent inconsistency probably arose because most forestry 
herbicide applications are made aerially (Campbell 1990), but many 
forest managers feel that ground application may be their only option in 
the future (as evidenced by the high priority they placed on gaining 
public support for aerial application [Table 3]). For this reason, the top 
ten ground application problems were determined separately and listed 
in Tables 10 and 11. The emphasis in these priorities is on overcoming 


the difficulties of operating on forest terrain (less likely to spill when tips, 
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less likely to tip, speed control, speed regulated flow control, operator 
guidance). Both user groups put a higher priority on designing a sprayer 
that is less likely to spill when it tips over than to design a sprayer less 
likely to tip over. Conversations with forest sprayer operators indicate 
that these priorities reflect the belief that upsets are inevitable. 

The "6" ranking did not clearly define which problems had already 
been solved. When the responses of the U.S. and Canadian researchers 
were pooled, there were only seven out of the 59 problems which at 
least one researcher did not feel had already been solved and the highest 
number of "6"s was 11 out of 35. 

The followup of the survey will focus on the users’ needs and will 
include several steps: 

if Researchers who ranked problems as "6" (solved) will be 

asked to provide scientific information to justify their claim. 
This will be reviewed by the Forest Pest Management 
Institute Improved Pesticide Applications Working Group, 


the Spray Efficacy Research Group (SERG)', and the USDA 


' The Spray Efficacy Research Group is a voluntary association of forest 
management, regulatory and research agencies interested in the application of forest 
pesticides. The aim of SERG is to improve the application technology associated with 
forest pesticide use. SERG aims to provide a multidisciplinary scientific approach to 
applications research, in the context of the needs and priorities of provincial and 
industrial forest managers (Spray Efficacy Research Group Terms of Reference, 
unpublished 1992). 
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Forest Service National Steering Committee for Managing 
Vegetation on Forest and Range Lands 
(USDAFSNSCVMFRL) to determine if there is technology 
which could be transferred, and if further research is 
required. 

If there is technology to be transferred, it will be necessary 
to convert the scientific information into a form suitable for 
users. Assuming funding for this effort can be obtained, 
drafts of the technology transfer information on each 
problem will be sent to users who had placed a high priority 
on that particular problem. They will be asked to specify 
whether the information solves the problem either partially 
or completely from their perspective, and if not, why not. 
This feedback loop will indicate whether the technology 
transfer needs to be improved or whether more research is 
required. The process will begin with the items ranked 
highest by the users. Since even the lowest ranked 
problems were a priority for some users, an effort will be 
made to ensure the technology transfer program is 
completed for all problems. 


Examples of several candidates for technology transfer are: 
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"Develop mixing and loading equipment which 
reduce worker exposure to herbicide” was ranked six 
by Canadian regulators, and it was ranked three and 
six in the ground application technology problems by 
Canadian and U.S. users respectively. Closed mixing 
and loading systems are available commercially. 
"Develop a flow control which is regulated by 
sprayer ground speed" was ranked eight in the 
Canadian users ground application technology 
priority list. An inline herbicide injection system is 
described in a USDA Forest Service ground 
applications manual (Miller and Mitchell 1988). 
"Develop equipment which can monitor application 
rate and spray mix remaining in the tank" was 
ranked ten in the Canadian and nine in the U.S. users 
ground application technology  oppriority lists. 
Computerized monitoring systems capable of doing 


this are commercially available. 


Where a need for research has been indicated, projects to 


address the gaps will be coordinated through the research 
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consortia (SERG and USDAFSNSCVMFRL)?. Respondents 
who indicated interest in involvement in research on 
specific problems will be invited to participate in planning 
and execution of projects on these problems. As with the 
technology transfer, the problems ranked highest by the 
users will be addressed first. 

4. Although refinement of spray models was not a high 
priority for users, the nature of many of the users’ priority 
problems, and the degree of their interaction, are such that 
models must be used to address them. For this reason, 
improvement of the models should have a high priority. 

5} The problem of "developing public support for aerial 
application of herbicides" is not one which can be 
addressed by scientific research. For this reason, it will be 
referred to the Forest Pest Management Caucus (formerly 


called the Forestry Pesticides Caucus)*, the Forest Pest 


2 The strength of these research consortia lies in their multidisciplinary approach - 
which is essential to finding solutions to these complex problems. 


3 "The Forestry Pesticides Caucus is a national body of pest management experts 
representing forest industry trade associations, provincial and federal governments, 
academia, the forestry profession, woodlot owners, and vegetation managers." It 
was formed to coordinate the participation of the forest sector in the Pesticide 
Registration Review and to develop an economic benefit analysis from a forest 
protection perspective. (Can. Pulp Paper Assoc., For. Protect. Commun., Aug 1989) 
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1 Control Forum’, and other groups having a more public 
2 focus . 
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18 private agencies to review and discuss forest pest control operations in Canada and 


19 related research (Moody 1992). 
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Table 1. Number of Canadian and U.S. responses to the herbicide 


application technology survey in each respondent category 


Respondent category 


Forestry herbicide users* 
Researchers 

Aerial applicators 

Pesticide manufacturers 
Provincial pesticide regulators 
Federal pesticide regulators 
Ground applicators 
Non-forestry users 
Equipment manufacturers 


Other 


Total 


No. of responses 


Canada Urs: 
94 13 
26 19 
23 3 
10 4 

7 
5 1 
4 1 
3 2 
2 1 
1 

175 46 


*For Canada - provincial forest management and forest pest 


management staff, and timber company staff. For U.S. - federal 


and state forest pest management staff 
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Table 2. Percentage of respondents who placed a higher priority on 


aerial vs ground application technology research 


% of respondents 


Canada U.S. 
Priority Users* Researchers Users’ Researchers 
Aerial 54 62 40 26 
Ground 0 ZT, 53 64 
Equal 1 8 7 5 
No opinion 10 3 0 5 


“Provincial forest management and forest pest management staff, 
and timber company staff 


’Federal and state forest pest management staff 
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Table 3. The top ten herbicide application technology research 


priorities for Canadian users 


Determine how to develop public support for aerial application of 
herbicides in forestry. 

Develop application technology to allow the same efficacy with 
reduced ai/ha. 

Determine appropriate, scientifically-based buffer zone widths 
required to prevent significant environmental impact in sensitive 
areas. 

Develop application technology to allow the same efficacy with 
reduced total spray volume/ha. 

Improve rainfastness of herbicides. 

Determine the effect of atmospheric stability and wind speed on 
herbicide off-target movement. 

Develop improved operational spray block and swath marking 
techniques to guide the spray pilot (i.e., assist him to position the 
aircraft accurately in relation to the previous swath, and tell him 
when to boom on and off). 

Determine the effect of temperature and relative humidity at time 


of application on herbicide off-target movement. 


10. 
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Determine the influence of temperature and relative humidity at 
time of application on herbicide deposition/efficacy. 

Determine the optimum drop size for the various herbicides to 
provide maximal efficacy without unacceptable off-target 


movement. 
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Table 4. The top ten herbicide application technology research 


priorities for Canadian aerial applicators 


Determine how to develop public support for aerial application of 
herbicides in forestry. 

Improve rainfastness of herbicides. 

Determine if wet foliage reduces herbicide efficacy. 

Determine the effect of rainfall after application on herbicide 
efficacy. 

Compare the numerous different atomizers which are currently 
being used for aerial herbicide application in terms of efficacy and 
off-target movement. 

Determine the optimum drop size for the various herbicides to 
provide maximal efficacy without unacceptable off-target 
movement. 

Determine if Micronair atomizers provide better herbicide efficacy 
than hydraulic nozzles without producing unacceptable off-target 
movement. 

Determine if efficacy on hard-to-control weeds (e.g., red maple) 


can be increased by altering application parameters. 


LO: 
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Determine the effect on non-target species (plant and animal) of 
deposit rates from maximum label rate to the no-effect rate. 
Determine how long the effects last. 

Develop application technology to allow the same efficacy with 


reduced total spray volume/ha. 
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Table 5. The top ten herbicide application technology research 


priorities for Canadian researchers 


Develop application technology to allow the same efficacy with 
reduced ai/ha. 

Develop application technology to allow the same efficacy with 
reduced total spray volume/ha. 

Improve rainfastness of herbicides. 

Determine appropriate, scientifically-based buffer zone widths 
required to prevent significant environmental impact in sensitive 
areas. 

Determine how to develop public support for aerial application of 
herbicides in forestry. 

Determine the effect on non-target species (plant and animal) of 
deposit rates from maximum label rate to the no-effect rate. 
Determine how long the effects last. 

Determine if efficacy on hard-to-control weeds (e.g., red maple) 
can be increased by altering application parameters. 

Determine the optimum drop size for the various herbicides to 
provide maximal efficacy without unacceptable off-target 


movement. 
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Develop improved operational spray block and swath marking 
techniques to guide the spray pilot (i.e., assist him to position the 
aircraft accurately in relation to the previous swath, and tell him 
when to boom on and off). 

Compare efficacy of different ground sprayers (e.g., Boomjet, air 


blast, Radiarc). 
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Table 6. The top ten herbicide application technology research 


priorities for Canadian regulators 


Determine appropriate, scientifically-based buffer zone widths 
required to prevent significant environmental impact in sensitive 
areas. 

Develop a model which can be used in a hand-held computer in 
the field to make spray/no-spray recommendations based on 
temperature, relative humidity, wind direction, wind speed, 
atmospheric stability and distance from values to be protected 
from spray. 

Develop atomizers capable of emitting a spray cloud with narrow 
drop size spectra in optimal drop size ranges, regardless of aircraft 
speed. 

Compare the numerous different atomizers which are currently 
being used for aerial herbicide application in terms of efficacy and 
off-target movement. 

Develop application technology to allow the same efficacy with 
reduced ai/ha. 

Develop mixing and loading equipment which reduce worker 


exposure to herbicide. 
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Determine the effect on non-target species (plant and animal) of 
deposit rates from maximum label rate to the no-effect rate. 
Determine how long the effects last. 

Determine the effect of atmospheric stability and wind speed on 
herbicide off-target movement. 

Improve methods of herbicide accountancy. 

Develop a metering device for backpack sprayers when used for 


making spot applications of simazine. 
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Table 7. The top ten herbicide application technology research 


priorities for U.S. users 


Determine appropriate, scientifically-based buffer zone widths 
required to prevent significant environmental impact in sensitive 
areas. 

Develop application technology to allow the same efficacy with 
reduced total spray volume/ha. 

Determine the optimum drop size for the various herbicides to 
provide maximal efficacy without unacceptable off-target 
movement. 

Determine how to develop public support for aerial application of 
herbicides in forestry. 

Improve rainfastness of herbicides. 

Develop improved operational spray block and swath marking 
techniques to guide the spray pilot (i.e., assist him to position the 
aircraft accurately in relation to the previous swath, and tell him 
when to boom on and off). 

Determine the effect of atmospheric stability and wind speed on 


herbicide off-target movement. 
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Design ground sprayer which can operate on currently unoperable 
terrain (e.g., sites currently operable only in winter or sites with 
very uneven terrain). 

Determine the effect on non-target species (plant and animal) of 
deposit rates from maximum label rate to the no-effect rate. 
Determine how long the effects last. 

Develop ground sprayers less subject to spillage following an 


upset. 
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Table 8. The top ten herbicide application technology research 


priorities for U.S. researchers 


Develop application technology to allow the same efficacy with 
reduced ai/ha. 

Develop application technology to allow the same efficacy with 
reduced total spray volume/ha. 

Determine appropriate, scientifically-based buffer zone widths 
required to prevent significant environmental impact in sensitive 
areas. 

Determine the optimum drop size for the various herbicides to 
provide maximal efficacy without unacceptable off-target 
movement. 

Determine how to develop public support for aerial application of 
herbicides in forestry. 

Improve rainfastness of herbicides. 

Determine the effect of atmospheric stability and wind speed on 
herbicide off-target movement. 


Improve methods of herbicide accountancy. 
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Verify the AGDISP, WEIHS, PKBW and FSCBG spray models for 
herbicide applications to at least 1 km downwind using definitive 
field experiments. Fill necessary data gaps. 

Compare the numerous different atomizers which are currently 
being used for aerial herbicide application in terms of efficacy and 


off-target movement. 
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Table 9. The top ten herbicide application technology research 


priorities for four respondent groups combined*® 


Determine appropriate, scientifically-based buffer zone widths 
required to prevent significant environmental impact in sensitive 
areas. 

Develop application technology to allow the same efficacy with 
reduced ai/ha. 

Develop application technology to allow the same efficacy with 
reduced total spray volume/ha. 

Determine the optimum drop size for the various herbicides to 
provide maximal efficacy without unacceptable off-target 
movement. 

Improve rainfastness of herbicides. 

Determine the effect of atmospheric stability and wind speed on 
herbicide off-target movement. 

Determine the effect on non-target species (plant and animal) of 
deposit rates from maximum label rate to the no-effect rate. 
Determine how long the effects last. 

Determine the influence of temperature and relative humidity at 


time of application on herbicide deposition/efficacy. 
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Develop atomizers capable of emitting a spray cloud with narrow 
drop size spectra in optimal drop size ranges, regardless of aircraft 
speed. 

Determine the effect of temperature and relative humidity at time 


of application on herbicide off-target movement. 


*Priorities were calculated for each of four groups (Canadian + 
U.S. forestry users, Canadian + U.S. researchers, Canadian aerial 
applicators, Canadian regulators). These priorities were then 
averaged thereby giving each group equal weight in setting the 


priorities in the table. 
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Table 10. The top ten herbicide ground application technology 


research priorities for Canadian users 


Develop ground sprayers less subject to spillage following an 
upset. 

Develop a guidance or marking system for ground sprayers to 
ensure that successive swaths are correctly spaced. 

Develop mixing and loading equipment which reduce worker 
exposure to herbicide. 

Develop a good speed control system for ground sprayers. 
Develop safety standards for the construction of ground sprayers. 
Develop ground application systems which can operate in higher 
wind conditions. 

Design ground sprayer which can operate on currently unoperable 
terrain (e.g., sites currently operable only in winter or sites with 
very uneven terrain). 

Develop a flow control which is regulated by sprayer ground 
speed. 

For the various ground sprayers, determine the best orifices for 
optimal application. 

Develop equipment which can monitor application rate and spray 


mix remaining in tank. 
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Table 11. The top ten herbicide ground application technology 


research priorities for U.S. users 








te Design ground sprayer which can operate on currently unoperable 
terrain (e.g., sites currently operable only in winter or sites with 


very uneven terrain). 


Ze Develop ground sprayers less subject to spillage following an 
upset. 

Shh Design ground sprayer which is less prone to tip over. 

4. Develop a high clearance ground sprayer., i.e., one capable of 


straddling a row(s) of trees. 

5; Develop a good speed control system for ground sprayers. 

6. Develop mixing and loading equipment which reduce worker 
exposure to herbicide. 

Th Develop a guidance or marking system for ground sprayers to 
ensure that successive swaths are correctly spaced. 

8. Develop a metering device for backpack sprayers when used for 
making spot applications of simazine. 

oO Develop equipment which can monitor application rate and spray 
mix remaining in tank. 


10. Develop safety standards for the construction of ground sprayers. 
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Silvicultural herbicides in Canada: 
registration status and research trends 


by Robert A. Campbell’ 





Abstract 


At present, there are five herbicides (2,4-D, glyphosate, hex- 
azinone, simazine, and triclopyr) available to forest managers 
in Canada. It is unlikely that any new active ingredients will 
be registered for forestry in the foreseeable future. The only 
additions likely are extensions of existing labels (e.g., aerial 
application of Pronone® and Release®) and registration of new 
formulations (e.g., Velpar® ULW). Research in the short term 
future will concentrate on improving efficacy, efficiency and 
versatility, and reducing environmental impact of currently 
registered products. Some of the current work is described. 


Key words: silviculture, herbicide, 2,4-D, glyphosate, hexazi- 
none, simazine, triclopyr, research trends, application tech- 
nology, cost-benefit, vegetation management model, environ- 
mental impact 





Introduction 


At the 1989 CIF Annual Meeting, I discussed three topics 
relating to forestry herbicide use in Canada: (1) use statistics 
(ii) regulatory status, and (iii) technology gaps as perceived 
by forest managers (Campbell 1990). This paper will cover 
two topics: (i) an update on registration/development status 
of significant forestry herbicides, and (ii) an outline of her- 
bicide research going on in Canada at present. 


Registration/Development Status 
(as of July 1991) 
2,4-D 

There has been no recent change in regulatory status 
(Campbell 1990). There was however, another major review 
of the hazard of 2,4-D to human health. The report of a work- 
shop sponsored by the Harvard School of Public Health 
states, ‘‘In assessing all of the evidence on 2,4-D, workshop 
participants were not convinced that a cause-effect relation- 
ship between exposure to 2,4-D and human cancer exists’’ 
(Graham 1990). 


Glyphosate 

There was no change in status of either the registered fore- 
stry glyphosate product, Vision®, or in the development of 
the glyphosate-TMS product, Touchdown® (Campbell 1990). 

A new glyphosate product called E-Z-JECT® has been 
registered. The glyphosate is formulated as a paste in small 
capsules, which can be injected into single undesirable woody 
stems using a special lance. Although the product was 
registered in 1990, the lance was not commercially available 
until early in 1991. Some efficacy data for this system can 
be found in Bergerud (1988). 


‘Research Scientist, Forest Pest Management Institute, Forestry Canada, 
Sault Ste. Marie, Ontario. 
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Résumé 


Actuellement, cing phytocides (2,4-D, glyphosate, hexazi- 
none, simazine, et triclopyr) demeurent a la disposition des ges- 
tionnaires forestiers au Canada. II est peut probable que d’autres 
ingrédients actifs soient homologués en foresterie dans un proche 
avenir. Les seuls ajouts seront probablement constitués de la 
prolongation d’étiquettes existantes (p.e., l'utilisation en pul- 
vérisation aérienne du (Pronone® et Release®) et |’homologa- 
tion de nouvelles formulations (p.e., Velpar® ULW). La 
recherche dans un avenir a court terme se concentrera sur 
l’amélioration de l’efficacité, de l’efficience et de la versatilité, 
et sur la réduction des impact environnementaux des produits 
actuellement homologués. Une description de quelques-uns des 
travaux en cours est présentée. 


Mots clés: sylviculture, phytocide, 2,4-D, glyphosate, hexazi- 
none, simazine, triclopyr, tendances en recherche, technologie 
d’application, cofit-bénéfice, modéle de gestion de la végéta- 
tion, impact environnemental 





Hexazinone 


Contrary to expectations (Campbell 1990), an aerial regis- 
tration for Velpar® L was not obtained in time for the 1990 
field season. The aerial use pattern was approved in 
December of 1990 but the certificate of registration (which 
is required before use) was not issued until June 1991. The 
approved aerial use is essentially the same as the ground 
broadcast use that has been registered since 1984. Velpar® L 
may be applied aerially for site preparation prior to planting. 
Black spruce, white spruce, and bare root jack pine stock 
can be planted immediately on medium and fine textured soils 
where the organic layer has not been removed following an 
application of 2.16 kg ai/ha. If rates greater than 2.16 kg 
ai/ha are used, or if the organic layer has been removed or 
severely disturbed, or if container jack pine stock is to be 
planted, planting should be delayed until the year following 
treatment. Species controlled by broadcast applications 
include: brome grass, bluejoint, goldenrod and raspberry. 
Velpar® L may not be used on coarse-textured soils. The 
new label specifies buffer zones around bodies of water 
(50 metres for ground application and 100 metres for aerial 
application). 

Registration of Velpar® ULW (ground and aerial) and 
aerial registration of Pronone® were contingent upon an aerial 
Velpar® L registration, so it is hoped that these registrations 
will be granted soon. 


Simazine 


There has been no change in the status of simazine (Camp- 
bell 1990). 


Triclopyr 


Although the registrant hoped to receive registration for 
forestry in 1990 (Campbell 1990), a certificate of registra- 
tion for ground application of Release® herbicide (triclopyr 
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ester) was not issued until July 1991. The approved use 
includes conifer release and site preparation. Application may 
be broadcast, single stem foliar, basal bark or cut stump. 
Target species include: alder, ash, birch, cherry, maple, oak, 
poplar, raspberry, salal, willow and many broadleaved her- 
baceous weeds. For broadcast site preparation, conifer 
planting should be delayed until the following year. The only 
conifers specifically listed for broadcast release are white 
spruce, black spruce and jack pine. There is no proscription 
against using the product to release other conifer species but 
the registrant would not be liable for crop damage. 

The registrant hopes to get an aerial registration soon?. 


Sulfometuron methyl 


The manufacturer still has no intention of pursuing regis- 
tration in Canada. 


Metsulfuron methyl, imazapyr and fluroxypyr 


Three different companies are involved but the message 
is the same. They are still evaluating market and develop- 
ment costs before deciding whether to proceed with further 
forestry development work in Canada. 


Research Trends 


Rather than review all forestry herbicide research in 
Canada, I will discuss briefly current research trends, the 
reasons for these trends, and provide some examples. 
Prior to the mid 1970’s, there was little forestry herbicide 
or vegetation management research in Canada. Then, the only 
herbicides available to foresters were 2,4-D, 2,4,5-T and sima- 
zine. In the mid 1970’s, three new active ingredients that 
showed promise for forestry were identified, wiz., glypho- 
sate, hexazinone and triclopyr. These herbicides had the 
potential to control species that were thwarting forest renewal 
on the more productive sites and could not be controlled by 
existing herbicides. As a result, there was a major increase 
in forest herbicide research. There were still relatively few 
researchers working in this field, so most of the initial effort 
was directed to generating efficacy and tolerance data. 
We now know that 2,4-D, glyphosate, hexazinone, sima- 
zine and triclopyr control competing vegetation and we know 
that crop trees have considerable tolerance. For this reason, 
little basic efficacy and crop tolerance research is being car- 
ried out at present. Furthermore, there will not likely be much 
in future. The long delays in obtaining forestry registrations, 
provincial restrictions and the constant controversy about 
forestry use of herbicides will discourage manufacturers from 
developing other forestry herbicides. This is clearly one 
reason for the lack of enthusiasm for development of met- 
sulfuron methyl, imazapyr and fluroxypyr. 
Although we have basic efficacy and tolerance data for 
the registered herbicides, there are several knowledge gaps: 
1. We have not proven to the satisfaction of everyone con- 
cerned (foresters, regulators and the public) that herbi- 
cides do not cause significant negative environmental 
impact or adversely affect human health. 

2. We have not demonstrated quantitative long-term crop 
benefit. 


3It seems to be futile to try to estimate when a registration will be granted. 
In 1983, I stated that triclopyr was not currently registered but might be 
by 1984 (Campbell 1984). 
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3. We know that we are not using herbicides as effectively 
as we could be. 

Most current research is designed to address one or more 

of these areas of concern. 


Environmental Impact/Human Health 


This knowledge gap is the most important because con- 
cerns about environmental impact and human health are the 
most common reasons for forest herbicide use to be restricted 
or prohibited. Unfortunately, good science is often not 
enough to allay these concerns. In all seriousness, I think 
we need to get some social scientists working on the problem 
of gaining public acceptance for a tool which we believe is 
essential and does not pose a significant health or environ- 
mental hazard. 


Environmental Fate 


The first question to be asked when investigating environ- 
mental impact is, ‘‘What happens to the herbicide after it 
is sprayed?’’ (How much gets into the various environmental 
components? Does it move within the soil profile? How fast 
does it dissipate? What are the degradation products?). A 
lot of environmental fate work has been done on Canadian 
forest sites. The most active groups have been: Forest Pest 
Management Institute, Northern Forestry Centre, Quebec 
Ministrére de l’Energie et des Ressources, University of 
Guelph and University of Toronto (Table 1). In general, 
environmental fate studies, in combination with toxicity 
studies, have indicated that direct toxicity to fish and wild- 
life is unlikely under normal use conditions. 


Habitat Effects 


Because herbicides affect vegetation, they can affect fish 
and wildlife habitat. Thus, most of the research on the impact 
of herbicides on fish and wildlife is directed toward effects 
on habitat. Some examples of recent Canadian research are 
listed in Table 2. 


Buffer Zones 


In most jurisdictions, local regulatory agencies require that 
buffer zones be established around areas of concern (water 
bodies, human habitation, apiaries, etc.) during aerial 
spraying programs. The width of the buffer required for pro- 
tection of the same resource varies dramatically from one 
jurisdiction to the next (Trial 1987). This is partly because 
there is little scientific basis for defining buffer width (Trial 
1987), and what there is has frequently been weak. The first 
question that needs answering is, ‘‘How much herbicide 
drifts, and what are the effects of meteorological conditions 
and the delivery system?’’ This is not a simple question — 
a lot of variables must be considered and each variable has 
a wide range of intensities or levels. Consequently, the 
problem is being approached from two directions. First, drift 
studies are used to measure herbicide that is airborne and/or 
deposited downwind using different delivery systems and 
under different atmospheric conditions. This work is being 
done at the Forest Pest Management Institute (Payne et al. 
1990) and at the Research and Productivity Council in 
Fredericton, NB (Riley et al. 1991). Data from drift studies, 
together with data on droplet spectra produced by different 
atomizers (Picot et al. 1989), are used in models designed 
to extrapolate results to other scenarios (different wind speed, 
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Table 1. Selected environmental fate studies of herbicides on forest sites in Canada 


2,4-D Glyphosate 

Water Solomon er al. 1988 Feng et al. 1990 

Legris and Couture 1990 
Soil Thompson er al. 1984 Feng and Thompson 1990 

Roy et al. 1989a 

Legris and Couture 1990 
Sediment Solomon et al. 1988 Feng et al. 1990 

Legris and Couture 1990 
Litter Feng and Thompson 1990 
Foliage Feng and Thompson 1990 

Legris and Couture 1990 
Berries Frank ef al. 1983 Legris and Couture 1990 


Roy et al. 1989c 





Metsulfuron 


Hexazinone Triclopyr 

Feng and Feng 1988 Solomon et al. 1988 FPMI'! in 
Thompson er al. 1991 progress 

Legris and Couture 1987 

Solomon et al. 1988 

Feng 1987 Stephenson et al. 1990 FPMI! in 

Feng and Feng 1988 progress 

Legris and Couture 1987 

Roy et al. 1989 

Legris and Couture 1987 Solomon et al. 1988 FPMI'! in 

Solomon et al. 1988 Thompson et al. 1991 progress 


1 ; 
Forestry Canada, Forest Pest Management Institute. 


Table 2. Selected habitat studies of herbicides on forest sites in Canada 


Glyphosate 


Kreutzweiser et 
al. 1989 
Scrivener and 
Carruthers 1989 


Holtby and 
Baillie 1989a 


Aquatic invertebrates 


Algae 


Zooplankton 


Preston and 
Trofymow 1989 


Soil fauna and microflora 


Salmon habitat Holtby and 
Baillie 1989b 
Moose habitat Connor and 


McMillan 1990 


Small mammal habitat 


"Forestry Canada, Forest Pest Management Institute. 


temperature, relative humidity, atmospheric stability, spray 
height, delivery system, formulation, etc). Further drift 
studies are then done to improve model fit. There is no per- 
fect model, but two major ones are FSCBG, developed by 
the USDA Forest Service and PKBW, which was developed 
at the University of New Brunswick*. Because neither 
model is suitable for in-the-field decision making, Monsanto 
is attempting to have a new model developed which could 
be used to make go/no-go decisions in the field. 
Knowing how much drift is going to occur in a given situ- 
ation is only the first step in setting a rational buffer zone. 
The next question is, ‘‘How much deposit and/or impact is 
acceptable in the resource to be protected?’ Specifying no 
deposit is unrealistic because the downwind distance to a no- 
deposit level increases as the sensitivity of detection 
increases. Since plants are usually the most sensitive 
organisms to herbicides, one approach is to utilize deposit 
levels which cause no effect on plants. This has been done 


4Mickle (1987) compared the performance of these two models for insec- 
ticide drift. 
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Hexazinone Triclopyr Metsulfuron 
FPMI'! in FPMI! in 

progress progress 

FPMI! in FPMI! in 
progress progress 
FPMI! in FPMI! in 
progress progress 


Brace et al. 1988 


for hexazinone (Campbell et al. 1986) and glyphosate (Payne, 
pers. commun.). It is likely that one of the requirements for 
registration in the future will be no-effect levels for a wide 
variety of non-target plants. 


Worker Exposure 


Requirements for human safety associated with pesticide 
use have led to more research on human exposure. The study 
of Frank et al. (1985) on 2,4-D exposure was completed 
because workers wanted proof that they would not be harmed 
by working with herbicides. Exposure studies have also been 
done for glyphosate (Centre de Toxicologie du Québec, 1988) 
and hexazinone (Bertrand and Dugal 1988). Worker exposure 
studies are now required for new registrations. In 1990, 
DowElanco carried out such a study to support their sub- 
mission for an aerial registration of Release® herbicide 
(triclopyr). Such worker exposure studies are feasible for 
major forestry herbicides, but when it comes to forest nursery 
herbicides there is a problem. No chemical company is going 
to spend $100,000 or more on a worker exposure study to 
support a herbicide that will be used on less than 50 ha per 
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crop tree performance”, so research is needed to find 


measures of vegetation that better represent competitive pres- 
sure (Wagner et al. 1989). 

One way of approaching the poor correlation problem is 
by determining the nature of competition (Does competing 
vegetation compete by limiting crop tree access to light, 
moisture or nutrients? Is allelopathy involved?). Work of this 
type is going on at the Newfoundland Forestry Centre, the 
Forest Pest Management Institute and the University of 
British Columbia. As an example, the strong competitive 
pressure exerted by Kalmia on black spruce does not seem 
to be related to light or moisture. If it is allelopathic, use 
of a herbicide to kill the Kalmia may not help the crop (B. 
Titus, pers. commun.). 


Vegetation Management Models 


In addition to the numerous factors that can affect compe- 
tition indices, another problem with them is that they are 
static. A competition index can indicate whether the current 
level of competition is having a negative effect on the crop 
trees but it can not forecast future effects (Wagner et al. 
1989). A logical extension of the idea of competition indices 
is the development of models that would predict competi- 
tion and thus facilitate proactive rather than reactive vegeta- 
tion management. In fact, it has been suggested that compe- 
tition indices may have a fairly limited utility. Caza and 
Kimmins (1990) state, ‘‘It is suggested that an approach 
employing dynamic simulation models responsive to 
changing conditions over time and space may yield greater 
potential for the development of management tools for the 
assessment and prediction of vegetation problems.’’ Descrip- 
tions of a number of the growth models currently under 
development (ZELIG, CLUMP, FORCYTE, FORECAST, 
df et al.) can be found in Hamilton (1990). In addition to 
growth models, models are also being developed to assist 
in selection of the best vegetation management alternative 
once the need has been identified. I don’t believe that any 
of the latter type of model are being developed in Canada, 
but there is one for the Pacific Northwest called VegPro 
(Wagner 1990) and one for southern pines called ChESS 
(S.M. Zedaker, pers. commun.). 


Rate Refinement 


This needs to be done for local conditions — optimizing 
rates, timing, etc. work has been done in Nova Scotia — 
checking lower than recommended rates (Chase et al. 1990) 
and seasonal variation in conifer tolerance (N.S. Dept. Lands 
and Forests 1989). A lot of this work is done by operational 
people. Although it is a potential source of much useful infor- 
mation, there are two reasons why it represents only poten- 
tial. First, many trials are trying one treatment or rate one 
year and another the next year (i.e., there are no side by 
side comparisons). Second, although many of these trials 
result in important information, it does not get reported. The 
Expert Committee on Weeds Annual Research Report pro- 
vides a good vehicle for communicating this type of trial and 
should be used more frequently. Reports are limited to one 
page so they are not onerous to prepare. 


.. ee ee 
°The lack of appropriate assessment methods is one of the reasons why 
long-term benefit data is so variable. Such data are seldom tied to a quan- 
titative measure of competitive pressure at the time of treatment. 
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User Need #8: Socio/political concerns regarding aerial application of pesticides 


In the Improved Pesticide Applications Wish List survey, Canadian Users identified 
their number one priority as, "Determine how to develop public support for aerial 
application of herbicides in forestry.” At the December 1, 1992 meeting of the USDA 
Forest Service National Steering Committee for Managing Vegetation on Forest and 
Range Lands, lack of support for herbicide use was identified as a major constraint to 
forest regeneration. | was asked to convey the Forest Service’s interest in a 
collaborative effort with appropriate groups in Canada to determine how to gain 
support for the use of this essential tool. 


The Ontario Vegetation Management Alternatives Program (VMAP) currently has a 
contract with a consultant to provide a public education plan. This will include: i) a 
literature survey on experiences of other jurisdictions in the asessment of public 
attitudes on forestry herbicide use; ii) use of focus groups to determine needs and 
interests of different segments of the Ontario population; and iii) based on the results 
of the preceding two phases, a specific public education plan. The contract is 
scheduled for completion by the end of March 1993. 


| suggest that we take no action on this item until the reports from the VMAP project 
are available. These reports should provide insight into how the problem could be 
approached in a wider context than Ontario VMAP. 
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REPORT TO NATIONAL STEERING COMMITTEE FOR 
APPLICATION OF PESTICIDES - VEGETATION MANAGEMENT 


Dr. George Ice, NCASI? 
I INTRODUCTION 


The National Council of the Paper Industry for Air and 
Stream Improvement, Inc. (NCASI) is the oldest (1943) 
environmental research organization funded by a single industry 
in the United States. NCASI programs are funded by the forest 
products industry. Environmental questions associated with 
forest management have been addressed by NCASI since 1977. NCASI 
is not a lobbying organization but rather a research and 
technical information group dedicated to developing solutions to 
environmental questions. 


The use of forest chemicals and other vegetation control 
techniques raises several environmental questions. First, there 
are concerns about toxicity and the lack of public trust about 
the safety of forest chemicals including herbicides. Second, 
implementation of new regulations and laws like the Safe Drinking 
Water Act, are expanding the scrutiny of chemical applications 
where they coincide with surface source watersheds or the zone of 
contribution for subsurface water supplies. Finally, emerging 
environmental issues such as biodiversity, protection of 
threatened and endangered species, and protection of species not 
traditionally considered (such as macroinvertebrates) are causing 
constraints on management options or at least new questions that 
need to be addressed. NCASI and its member companies are 
interested in understanding legitimate concerns and developing 
appropriate management solutions. 


The industry level of concern about environmental 
constraints on management is demonstrated by the recommendations 
from the Auburn University Silvicultural Cooperative cited by Dr. 
Charles McMahon. Eight out of the 15 priority information needs 
was related to environmental issues. The report by Campbell and 
Howard of "Priorities for Forestry Herbicide Application 
Technology Research" also lists several areas such as "effective 
buffer widths" and "effects on non-target species" associated 
with environmental concerns. The NCASI forest management program 
has identified forest chemical use as an important issue and is 
addressing it through several avenues. These include projects in 
the NCASI Forest Water Quality Program and special efforts 
related to nursery and seed orchard operations. 


lResearch Forest Hydrologist, National Council of the Paper 
Industry for Air and Stream Improvement, PO Box 458, Corvallis, OR 
Oe 30m OU) Demon Oe 


rel PROGRAMS OF INTEREST 


There are a number of state and federal programs which 
should be of interest to this committee including: state aerial 
herbicide monitoring programs, the TFW forest practices 
assessment project, new forest practice rules, a national BMP 
effectiveness project, state NPS program assessment, and EPA 
methods development for delineation of zones of contribution to 
groundwater sources. 


Ae State Monitoring of Water Quality for Aerial Applications 


Several states have monitoring programs to determine the 
effectiveness of current programs for protecting waters near 
aerial forest chemical applications. In California, the North 
Coast Water Quality Control Board has required monitoring for all 
forest herbicide applications for many years. Highest 
concentrations are reported following heavy precipitation events 
and not associated with immediate drift into streams. 
Concentrations detected over many years are always below water 
quality criteria. Oregon developed a monitoring project for 50 
herbicide operation units which was reported in a January 1992 
report on "Forest Herbicide Application: Water Sampling Study" 
(1). Samples were collected using a protocol designed to 
determine a 24-hour mean concentration. In 83 percent of samples 
from nearby streams, no herbicide was detected. All samples were 
below recommended water quality criteria. 


B. TFW Water Quality Assessment Project 


In Washington, the Timber/Fish/Wildlife (TFW) agreement between 
agencies, environmental organizations, industry, and Indian tribes 
is applying adaptive management to forestry. One element of this 
agreement is assessment and refinement of the Washington Forest 
Practices Act. The Water Quality Steering Committee (WQSC) of TFW 
has a four part program to assess water quality impacts of aerially 
applied forest chemicals. The WQSC cooperated with the state of 
Oregon to contract for development of surface water quality criteria 
by Drs. Logan Norris and Frank Dost. That report "Proposed Surface 
Water Quality Criteria for Selected Pesticides Used for Forest 
Management and Management of Forest Tree Seedling Nurseries and 
Christmas Tree Plantations in Oregon and Washington" (2), has been 
accepted by the WQSC. An intensive monitoring project for seven 
spray units has been completed and a draft report is now being 
reviewed. These sites included excellent controls and high sample 
collection frequency. Two other projects to determine the ability 
of operators to detect and avoid overspray of small tributary 
streams during aerial spray operations and a project to evaluate 
application variables (ie: wind speed and direction, buffer width, 
height of application, boom configuration) are to be completed. 
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ey New Forest Practice Rules 


Both Oregon and Washington have implemented new forest 
practice rules dealing with application of forest chemicals. In 
Oregon, notices of chemical application operations are now to be 
provided to people who may be affected up to 10 miles downstream 
of the application site. In Washington, the level of application 
detail for aerial herbicide operations is tied to the 
environmental considerations including toxicity rating, presence 
of threatened or endangered species in the spray area, potential 
to leach into groundwater, distance to surface water, and 
presence of fish hatchery or domestic water supply intake. A key 
for evaluation is attached as Attachment A. Applications that 
are classified as Class IV special require the highest operation 
review possible, equivalent to conducting a SEPA review. 


D. National BMP Effectiveness Assessment Committee 


A steering committee for "Development of a National 
Methodology for Evaluating the Effectiveness of Best Management 
Practices in Meeting Water Quality Goals or Standards" has been 
working under the leadership of Dr. George Dissmeyer, USDA Forest 
Service, Atlanta, Georgia. Of particular importance to the 
Pesticides Committee is work to organize literature on the 
effectiveness of Best Management Practices to protect water 
quality. This database will be on the microcomputer database 
Procite. The BMP Effectiveness Committee is developing an 
approach to assessing practice effectiveness. The concepts of 
this approach are summarized in a paper presented by 
Dr. Dissmeyer at the recent National Hydrology Workshop (3). 


Ee Review of NPS Programs 


NCASI is coordinating reviews of state silvicultural 
Nonpoint Source (NPS) control programs. Four contractors are 
reviewing state programs in the West, Northeast, Lake States, and 
South. These programs include control elements dealing with 


forest chemicals. Drafts of these reviews have been submitted to 
NCASI. 
F. EPA Groundwater Source Area Delineation Models 


EPA has developed methodology and is sponsoring training 
courses for delineation of zones of contribution for identifying 
wellhead protection areas. Relevant documents include the WHPA 
2.0 Code (A Modular Semi-Analytical Model for the Delineation of 
Wellhead Protection Areas) and "Delineation of Wellhead 
Protection Areas in Fractured Rocks" (4,5). 


Additional references of relevance to the committee are 
attached. 


(1) 


(2) 


(3) 


ey, 


(5) 
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USFS Forest Pest Management 
National Steering Committee - Vegetation Management 
Report by C. McMahon, Southern Forest Experiment Station 
Auburn, AL 
December 1992, Davis, CA 


1. Introduction 


The December 1992 meeting of the National Steering Committee 
for Vegetation Management is very timely. Important new policies 
and issues related to multi-resource management are emerging as 
"Ecosystem Management" on National Forest System Lands and "Forest 
Stewardship" on private non-industrial lands. In both cases, 
there is a need for innovative vegetation management options to 
support these "new forestry" concepts. We especially see a need to 
expand research and technology to support selective ground 
herbicide application systems such as streamline basal sprays, 
directed foliar sprays, and tree injection. These target oriented, 
non-broadcast methods are environmentally safe, and suitable for 
enhancing wildlife, T&E species, and recreational habitats. They 
can also play a crucial role in developing strategies for 
unevenaged and mixed stand management. 


2. Recent Activities 


The following are some brief highlights of recent activities 
of the USFS vegetation management research project in Auburn, AL. 
A project summary and list of publications is also attached. 


A. The project continues to conduct research and summarize 
findings related to the fate and transport of forest 
herbicides in the South. 


1. Results continue to show that forest herbicides are 
environmentally safe when applied correctly at labeled 
rates. Approaches for communicating herbicide risks in 
forest ecosystems were also summarized and published. 


2. A major field dissipation study on the fate of hexazinone 
in forest ecosystems was completed in 1992. The work was 
performed under FIFRA Good Laboratory Practices (GLP) 
regulations and has been used by the sponsor for 
reregistration purposes. Analytical methods’ for 
concurrent analysis of hexazinone and its metabolites in 
soil, water, and vegetation were developed. 


3. In cooperation with Auburn University, the impacts of 
high rate (6.7 kg/ha) applications of hexazinone (Velpar) 
on benthic macroinvertebrates and fish communities were 
evaluated in small headwater streams in Alabama. No 
adverse impacts were found (using a variety of indices 
and USA EPA rapid bioassessment protocols). 
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Studies are underway to monitor off-site movement of 
herbicides (probably triclopyr) to be used in the "New 
Perspectives" research program on the Ouachita National 
Forest. 


Findings were published reporting no herbicide residues 
in smoke from prescribed fires on sites treated with 
imazapyr, triclopyr, hexazinone, and picloram. 


In cooperation with the University of Georgia and the 
Southeastern Station, work continues on the validation of 
hydrologic/pesticide models for forest ecosystem 
applications. 


Efforts continue to conduct research and transfer the 
technology for the safe and effective ground application of 
forest herbicides. 


1 


A user-manual on ground applications, first published in 
1988, was revised in April 1990 and distributed to 3,000 
users. This popular manual was translated into Chinese 
ineeL9 91% The USFS Southern Region/Southern Station 
Technology Transfer Plan for Ground Applications, first 
published in 1987, was revised and updated in 1991. 


In 1991, a manual on standard methods and terms for 
forest herbicide research was published in cooperation 
with the Southern Weed Science Society and Auburn 
University. Standardized techniques will permit more 
valid comparisons of study results among vegetation 
management investigators and practitioners. 


ChESS (Chemical Expert System for Silviculture), a 
computer based decision support system for prescribing 
herbicides for southern pine management, was published by 
VPI&SU in September 1990 in collaboration with the USFS 
Vegetation Management Research Project at Auburn and 
other cooperators. 


"Pests and Pesticide Management in Southern Forests," a 
unified training manual for pesticide applicators in the 
South is now ready for distribution. This cooperative 
effort sponsored by the Southern Group of State Foresters 
was compiled by a committee led by Jim Miller (USFS - 
Auburn) with editorial assistance by USFS Region 8. 


5. Annual measurements continue on the South-wide study, 
Competition Omission Monitoring Project) (COMP) to 
determine how woody and herbaceous competition affect 
early growth of loblolly pine. Fifth-year results 
published in the November 1991 Southern Journal of 
Applied Forestry show average volume increases of 67% for 
woody control, 171% for herbaceous control, and 424% for 
total control as compared to check plots. The effects of 
these competition treatments on soil nitrogen, carbon 
storage, and nutrient transfer are now being studied in 
collaboration with Auburn University. A report on plant 
succession on these sites has been submitted for 
publication in the Southern Journal of Applied Forestry. 


6. Cooperative work with Tuskegee University and other 
historically black universities is exploring the use of 
goats for noxious weed control (kudzu) and other forest 
vegetation management/agroforestry alternatives. 


7. Cooperative work continues with Chinese researchers on 
forest herbicide use and application technology. 


The project continues to collaborate with University and 
State extension groups in the South on workshops for training 
and certifying herbicide applicators. 


1. In the past five years, 18 workshops have been held in 
the states of LA, MI, AL, GA, FL, NC, and SC training 
approximately 2,200 personnel. En @b99ilAecthe project 
provided support for the National Advanced Pesticide 
Management Training Program held in Marana, AZ. 


In conjunction with long-term studies on the silviculture of 
longleaf pine, the project continues to conduct research on 
the impact of season of burn and frequency of prescribed fire 
on the composition and structure of midstory and understory 
vegetation in pine stands. 


Auburn University was host to an International (IUFRO) 
Conference on Forest Vegetation Management April 27 - May 1, 
1992. This meeting was designed to provide a forum on recent 
advances in ecology, practice and policy of forest vegetation 
management. A book of abstracts was published and several 
full papers will be published in a special edition of the 
Canadian Journal of Forest Research. The USFS Vegetation 
Management Project in Auburn provided support in the planning 
and conduct of the meeting. A tour of a nearby COMP research 
site highlighted long-term vegetation management research in 
progress. 


Ne CO CURES TOU LT NST ee aS Onoeo——E 


Br 


Issues for Committee Discussion 


ee 


4. 


The very conservative position that the Forest Service takes 
regarding the use of herbicides on public lands is 
dominating the public imagery about forest herbicides. A 
more balanced message is needed which affirms that there are 
many different "correct" approaches to vegetation management 
depending on the land ownership and land/ecosystem 
objective. This broader and more balanced image will become 
more important as the Forest Service expands its role into 
international forestry where basic survival needs urgently 
call for intensive forest management practices including the 
safe use of forest herbicides. 


Revised NEPA Policy & Procedures continues to place 
unjustified constraints and obstacles on the use of 
herbicides on NFS lands. It propagates the paranoia which 
surrounds the term "herbicide." We don’t see similar 
language for the more toxic "insecticides" or "fungicides." 
We confuse our public with this explicit anti-herbicide 
language and are quickly closing the lid on this valuable 
vegetation management tool. This comes at a time when 
highly selective and safe ground application techniques will 
be needed on public lands to meet "new perspectives" goals 
for uneven aged-mixed stands, enhanced wildlife habitat and 
forest aesthetics. Furthermore, our ultra-conservative 
stand on herbicide use on public lands may be seen by the 
layman as reason to condemn the more liberal but equally 
safe use of herbicides on small private tree-farms or 
industrial tracts. The South is dominated (approx. 70 
percent) by private land ownership. We especially need to 
educate and encourage the public to understand the plurality 
of "acceptable" approaches to forest land management based 
on different management objectives for public vs private 
wana 


There is a need for better coordination of vegetation 
management topics among WO Research staff groups 


FMR - Veg. Mg’t in general (Ecosystem Mg’t, forest 
stewardship, noxious weed control.) 
FER =) Impacts of veg. mg’t treatments on forest 


ecosystems (water quality, T&E Species, aquatic & 
riparian habitat etc.) 

FFASR - Prescribed Fire research 

FPM - Herbicide Technology, use data, alternatives to 
chemical herbicides 


There is a need for better support of veg. mg’t projects in 
the WO-FPM technology program. Why was vegetation 
management needs not supported in FY92? 


There is a need for more documentation about forest 
herbicide use patterns and rates on a state and national 
level. The Forest Service has good data for National 
Forests. Virginia has excellent data, for that state. 
Other programs need to be initiated/supported to help dispel 
the myths about forest herbicides by having a factual 
readily available database. 


The S&PF needs (especially for non-industrial private 
landowners) for veg. mg’t and herbicide technology need to 
be more formally recognized and addressed by Forest Service 
programs. Ecosystem management on NFS lands tends to over- 
shadow the S&PF needs (especially in the past few years). 


Vegetation Management Needs 


Iles 
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Herbicide ground application technology developments and 
refinements. 


Computer based decision support systems for integrated 
vegetation management prescriptions. Including 
technology transfer and customizing of existing systems 
such as ChESS. 


Veg. Mg’t prescriptions for meeting ecosystem management 
objectives on NFS lands. 


Veg. Mg’t prescriptions for meeting forest stewardship 
objectives for S&PF clients. 


Cumulative impacts from vegetation management treatments 
on aquatic and riparian systems. 


Impacts of herbicides on T&E species. 


Vegetation management impacts on soil productivity and 
plant diversity. 


Application of hydrologic models for movement of 
chemicals in forest ecosystems. 


Improved methods for pesticide monitoring and analysis. 
(Lower cost, more rapid and reliable methods. ) 


Support for long-term efficacy and ecosystem impact 
research studies (carried through a rotation). 


Improved coordination of the risk assessment process and 
incorporation of fundamental principles of risk/benefit 
communication in worker training programs and jeleb elie 
announcements. 
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Vegetation Management Research Project 
SO-4105: Charles K. McMahon, Project Leader 





Project Title 
Environmental impacts and ecosystem responses to 
vegetation management in southern forestry 





Research Teams 





1. Environmental fate and ecosystem impacts of forest herbicides. 
Team Leader: J. Michael contributing scientists, C. McMahon, J. Fischer, H. Gibbs 


Watershed scale studies of forest herbicide dissipation (movement and fate in soil, water 
and vegetation). 


Fate of herbicides in forest fires and worker risk assessment. 


Herbicide monitoring technology. 
Sampling methods development 
Analytical methods development 


Aquatic and riparian impacts. 
Hydrologic model applications to forest ecosystems. 


Technology transfer. 


2. Vegetation Management research and prescription development 
for southern forest ecosystems. 
Team Leader: J. Miller, contributing scientists W. Boyer, C. McMahon 


* Herbicide prescription research and development for non-industrial private landowners and 
National Forest Systems (Ground Application Technology). 

Competition-crop interactions and pine growth response. (long-term, regional studies) 
Vegetation management impacts on soil productivity and plant diversity. 

Alternatives to herbicides for kudzu control. 

Influence of competition on nutrient circulation and carbon and nitrogen flux. 


Technology transfer. 


3. Longleaf Pine Ecology and Management. 
Team Leader: W. Boyer 


Longleaf pine ecology and management guidebook. 


Long-term regeneration and fire ecology studies. 
* Demonstrations of natural regeneration systems and even vs. uneven-aged management. 
Management of Escambia Experimental Forest (EEF). 


Technology transfer. 


Research Scientists 


Charles K. McMahon, Research Chemist & Project Leader 
Dr. William D. Boyer, Research Forester 

Dr. Jerry L. Michael, Research Ecologist 

Dr. James H. Miller, Research Forester 


Support Scientists 


Joseph B. Fischer, Chemist 
Hilliard L. Gibbs, Jr., Physical Scientist 


Support Staff 


Erwin Chambliss, Forestry Technician 

Juanita Crawford, Project Secretary 

Charles Mitchell, Physical Science Technician 

Ronald Tucker, Physical Science Technician 

George Ward, Forestry Technician, Located at Escambia Experimental Forest (EEF) 





Temporary Staff 


Evelyn Cannon, SCSEP, Office/Lab Aid Kelly Robinson, Computer Assistant 
Heidi Fishburn, Computer Clerk Wiliam Thompson, Forestry Aid (EEF) 





Specialized Resources 


G. W. Andrews Forestry Sciences Lab 


Environmental Chemistry lab, mass spectrometry lab, soils lab, radioisotope lab, herbarium, 
sample prep and drying lab, freezer storage, greenhouse, growth chamber. 


Field equipment and samplers for environmental fate studies. 


Selected studies are conducted in compliance with EPA’s Good Laboratory Practice regulations. 
Escambia Experimental Forest 


This 3000 acre experimental forest in south Alabama is under a 99 year lease from the T.R. 
Miller Mill Company of Brewton, AL. It was established in 1947 and supports many long-term 
longleaf pine research studies and demonstration areas. 


Cooperative Research 


All studies are conducted in cooperation with numerous partners and/or co-investigators from 
universities, industry, National Forest Systems, other Forest Service research units, federal and 
state forestry agencies and private landowners. 
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Enclosed is a list of abstracts and publications by scientists and 
cooperators of the U.S. Forest Service Vegetation Management 
Research Project at Auburn, AL. The project’s current mission is 
to determine the environmental fate and ecosystem impacts of forest 
herbicides, and to develop safe and effective integrated vegetation 
management prescriptions for multiple resource benefits in southern 
forestry. The project also continues to support long-term studies 
related to the silviculture of longleaf pine. 


To obtain copies, please return the form on the reverse side of 
this page. 


Charles K. McMahon 
Project Leader 
Vegetation Management Research 
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1980 


Michael, J. L. 1980. Long-term impact of aerial application of 2,4,5-T to longleaf pine (Pinus 
palustris). Weed Science. 28(3): 255-275. 


Michael, J. L. 1980. Response of saw palmetto to three herbicides during the first growing season. In: 
Proceedings, 33rd Annual Meeting Southern Weed Science Society; 1980 January 15-17; Hot Springs, 


Arkansas. [Champaign, IL]: Southern Weed Science Society. 120-123. 


Michael, J. L. 1980. Formulation rate and season of application effects of hexazinone (Velpar) gridball 
on oak topkill. In: Proceedings, 33rd Annual Meeting Southern Weed Science Society; 1980 January 15-17; 


Hot Springs, Arkansas. (Champaign, IL]: Southern Weed Science Society. 110-113. 


Miller, James H. 1980. Competition after windrowing or single-roller chopping for site preparation in 
the southern piedmont. In: Proceedings, 33rd Annual Meeting Southern Weed Science Society; 1980 January 


15-17; Hot Springs, Arkansas. [Champaign, IL]: Southern Weed Science Society. 139-145. 


Miller, James H.; Bace, A. C. Jr. 1980. Streamwater contamination after aerial application of a 
pelletized herbicide. Research Note SO-255. U.S. Department of Agriculture, Forest Service, Southern 


Forest Experiment Station. 4 p. 


1981 


Michael, J. L. 1981. Effect of pellet size on defoliation and estimated kill of small stems treated 
with hexazinone. In: Proceedings, 34th Annual Meeting Southern Weed Science Society; 1981 January 20- 


22; Hot Springs, Arkansas. (Champaign, IL]: Southern Weed Science Society. 192-196. 


Gordon, R.; Miller, J. H.; Brewer, C. 1981. Site preparation treatments and nutrient loss following 


complete harvest using the Nicholson-Koch mobile chipper. In: Barnett, J. P. ed. Proceedings, First 
Biennial Southern Silvicultural Research Conference, 1981 November 6-7. Atlanta, GA. Gen. Tech. Rep. 


SO-34. New Orleans, LA: U.S. Department of Agriculture, Forest Service: 79-84. 


Boyer, W. D. 1981. Site and stand factors affecting height growth curves of longleaf pine plantations. 
In: Barnett, J. P. ed. Proceedings, First Biennial Southern Silvicultural Research Conference, 1980 


November 6-7. Atlanta, GA. Gen. Tech. Rep. S0O-34. New Orleans, LA: U.S. Department of Agriculture, 
Forest Service: 184-187. 


Miller, James H. 1981. A comparison of cation sampling in forest soils by tension and tension-free 
lysimeters. In: Barnett, J. P. ed. Proceedings, First Biennial Southern Silvicultural Research 


Conference, 1980 November 6-7. Atlanta, GA. Gen. Tech. Rep. SO-34. New Orleans, LA: U.S. Department of 
Agriculture, Forest Service: 317-322. 


Sung, S. S.; Gjerstad, D. H.; Michael, J. L. 1981. Hexazinone persistence in two different type of 
soils. In: Proceedings, 34th Annual Meeting Southern Weed Science Society; 1981 January 20-22; Hot 


Springs, Arkansas. (Champaign, IL]: Southern Weed Science Society: 152. Abstract. 


Boyer, W. D. 1981. Thirty years of management _on_a_small_ longleaf pine forest. Southern Journal of 
Applied Forestry. 5(2): 73-77. 


Golden, Michael S.; Meldahl, Ralph; Knowe, Steven A.; Boyer, WilliamD. 1981. Predicting site index for 
old-field loblolly pine plantation. Southern Journal of Applied Forestry. 5(3): 109-114. 


Wells, Martha J.M.; Clark, Randall C.; Patterson, Richard M. 1981. Correlation of reversed-phase 


capacity factors for barbiturates with biological activities, partition coefficients, and molecular 
connectivity indices. Journal of Chromatographic Science. 19: 573-582. 


Wells, Martha J.M.; Clark, Randall C. 1981. Liquid chromatographic elution characteristics of some 
solutes used to measure column void volume on C,, bonded phases. Analytical Chemistry. 53: 1341-1345. 





Martin, R.; Miller, J. H. 1981. Soil active herbicides for kudzu control report of a screening study. 
Highlights of Research 28(4). Agricultural Experiment Station, Auburn University, AL. 1 p. 
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Wells, M.J.M.; Clark, C.R. 1982. CHROM. 14,268. Investigation of N-Alkylbenzamides by reversed-phase 
Liquid chromatography. I. Isocratic elution characteristics of the C -C, N-alkylbenzamides. Journal of 


Chromatography. 235(1982): 31-41. 


Wells, M.J.M.; Clark, C.R; Patterson, R.M. 1982. CHROM. 14,269. Investigation of N-Alkylbenzamides by 
reversed-phase liquid chromatography. II. Application of the solvophobic theory to the prediction or 


retention data for the C -C. N-alkylbenzamides. Journal of Chromatography. 235(1982): 43-59. 


Wells, M.J.M.; Clark, C.R.; Patterson, R.M. 1982. CHROM. 14,270. Investigation of N-Alkylbenzamides by 
reversed- iqui Correlation of chromatographic parameters with molecular 


connectivity indices for the C -C, N-alkylbenzamides. Journal of Chromatography. 235(1982): 61-74. 
Miller, J.H. 1982. Hardwood control using pelleted herbicides and burning. In: Proceedings, 35th Annual 


Meeting Southern Weed Science Society; 1982 January 19-21; Atlanta, GA. [Champaign, IL]: Southern Weed 
Science Society. 210-215. 













Miller, J.H. 1982. Kudzu control chemicals. In: Proceedings, 35th Annual Meeting Southern Weed Science 
Society; 1982 January 19-21; Atlanta, GA. (Champaign, IL]: Southern Weed Science Society. 241-243. 


Sung, S.S.; Gjerstad, D.H.; Michael, J.L. 1982. Loblolly pine (Pinus taeda L.) photosynthesis 
inhibition by hexazinone and metabolites. In: Proceedings, 35th Annual Meeting Southern Weed Science 
Society; 1982 January 19-21; Atlanta, GA. (Champaign, IL]: Southern Weed Science Society. 244. 


Abstract. 


Michael, J.L. 1982. Some new possibilities to control kudzu. In: Proceedings, 35th Annual Meeting 
Southern Weed Science Society; 1982 January 19-21; Atlanta, GA. (Champaign, IL]: Southern Weed Science 


Society. 237-240. 


Wells, Martha J.M.; Clark, C. Randall. 1982. CHROM. 14,867. Investigation of N-alkylbenzamides by 
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ase_liquid chromatography. V. Characteristics of some tertiary alkylbenzamides. Journal of 
Chromatography 244(1982): 231-240. 


Wells, M.J.M. 1982. The effect of silanol masking on the recovery of picloram and other solutes from 
a hydrocarbonaceous pre-analysis extraction column. Journal of Liquid Chromatography. 5(12): 2293-2309. 


Carter, G.A.; Miller, J.H.; Davis, D.E.; Patterson. R.M. 1982. Effect of vegetative competition on the 
moisture and nutrient status of loblolly pine (Pinus taeda L.). Bul. Ecol. Soc. Amer. 63(2): 103. 


Abstract. 


1983 


Miller, J.H.; Newton, M. 1983. Nutrient loss from disturbed forest watersheds in Oregon's Coast Range. 


Agro-Ecosystems 8: 153-167. 


Boyer, W.D. 1983. Variations in height-over-age curves for young longleaf pine plantations. Forest 


Science 29: 15-27. 


Boyer, W.D. 1983. Growth of young longleaf pine _as_ affected by biennial burns plus chemical or 
mechanical treatments for competition control. In: Proceedings Second Biennial Southern Silvicultural 
Research Conference, 1982 November 4-5; Atlanta, GA. Gen. Tech. Rep. SE-24. Asheville, NC: U.S. 
Department of Agriculture, Forest Service: 62-65. 


Michael, J.L. 1983. Pine tolerance to some new chemicals. In: Proceedings, 36th Annual Meeting Southern 
Weed Science Society; 1983 January 18-20; Biloxi, MS. (Champaign, IL]: Southern Weed Science Society. 
218-221. 


Boyer, W.D.; Patterson Donald W. 1983. Longleaf pine. In: Silvicultural Systems for the Major Forest 
Types of the United States. Russell M. Burns Technical Compiler. U.S. Department of Agriculture, Forest 
Service, Agricultural Handbook No. 445. 153-156. 


Michael, J.L.; Boyer, W.D. 1983. Forestry herbicides. Forest Farmer 42(8): 6-7. 
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Banker, R.E.; Miller, J.H.; Davis, D.E. 1983. First-year effects of rootraking on available nutrients 
in Piedmont Plateau soils. In: Proceedings Second Biennial Southern Silvicultural Research Conference, 


1982 November 4-5; Atlanta, GA. Gen. Tech. Rep. SE-24. Asheville, NC: U.S. Department of Agriculture, 
Forest Service: 23-25. 


Edwards, M.B.; Miller, J.H. 1983. So you want to get rid of your kudzu. Alabama Forests 26(2): 11-12. 
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Journal of Applied Forestry. 7: 165-169. 
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This past summer | did a literature search of the impacts of forest herbicides 
on water quality and aquatic organisms. | conducted the searches because | 
thought that the impact of herbicides on water quality and aquatic organisms was 
a high priority environmental issue for our members. | also wanted to get an 
update of all the studies that have been conducted in this area since the U. S. 
Forest Service did their literature review for their FEIS on Vegetation Management 
in 1988. The water quality literature search was actually initiated early in 1992 
because an request for information from EPA nonpoint source pollution officials. 


The public concern over wetlands, nonpoint source pollution, and water 
pollution has consistently been a high priority issue over the last two decades. As 
a result of this concern there is now a plethora of regulations to keep our waters 
“fishable and swimmable". Nonpoint source pollution (NPS) is the latest hot issue 
which will evolve into plenty of additional regulations. Filter strips will be one of 
the main preventative measures that could be used to protect our waterways and 
aquatic life. It is quite likely that regulatory agencies will be looking closely at 
what types of filter strips work, which filter strip widths work best, and which 
order of streams or size of pond should be protected. 


As usual, there are few direct scientific studies which can help answer such 
questions as how wide should a filter strip be given different conditions and sites 
for herbicide use. However, there are studies that are related to this subject which 
deal with the effects of herbicides on water quality and aquatic organisms. Some 
experts, although, may argue the usefulness of these studies for our particular 
region, or that some of the studies are not "ecosystem" or real world research. | 
believe that these studies can provide at least partial answers to questions relating 
to filter strip use and preventing forest herbicide pollution in our waterways. 
Perhaps these studies will also help lessen the concerns of forest managers and 
provide evidence that they are not damaging our waterways when they use 
herbicides. 


The report on the hexazinone/watershed project by Dr Jerry Michael with the 
U.S. Forest Service laboratory in Auburn is not available to the public yet. A study 
by Dr Cliff Webber, within that project, examined the impact of hexazinone on 
aquatic organisms in three watersheds. Dr Webber’s conclusions from the 1992 
Southern Weed Science Society Proceedings are included in my bibliography 
(Webber 1992). There is only one other ecosystem study in the South which has 
investigated the impacts of forest herbicides on aquatic organisms (Mayack, et al 
1982). Dr Michael plans to focus his herbicide/environmental fate work on the 
cumulative effects of forest herbicides on watersheds and aquatic organisms, 
which will soon be critical issues in our region. 


| have included a selected set of references for the effects of forest 
herbicides on aquatic organisms because many references were outdated or only 
slightly relevant to our uses. | included as many abstracts as the search contained, 
or that were in our library holdings. In the case where a journal article was in our 
library, but did not contain an abstract, | included a quote of their research 
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BIBLIOGRAPHY FOR FOREST HERBICIDES 
AND AQUATIC ORGANISMS RESEARCH 


Abou-Waly, H., Abou-Setta, M.M., Nigg, H.N., and L.L. Mallory. 1991. Dose-response 
relationship of Anabaena flos aquae and Selenastrum capricornutum to atrazine and 
hexazinone using chlorophyll (a) content and carbon-14 uptake. Aquat Toxicol 
20(3):195-204. 


Atrazine and hexazinone were added to unicultural algal cultures of Anabaena 
flos-aquae (Lyng) (blue-green alga) and Se/enastrum capricornutum (Printz) (green alga). 
Algal biomass was measured using chlorophyll (a) content and physiological activity was 
measured using '*C uptake over 1, 3, 5 and 7 days. Untreated cultures increased in 
biomass over the first 5 days, leveling off after day 7. Control culture '*C uptake per mg 
Chl (a) was highest on day 1 and declined over 7 days. A. flos-aquae biomass and '*C 
uptake were inhibited by both herbicides on day 1 and began recovering on day 3 over 


concentration ranges of 0.1-1.05 ppm atrazine and 0.7-2 ppm hexazinone. '*C uptake for 
both herbicide treatments was about half of the controls from day 1-3. S. capricornutum 


biomass and '*C uptake were not significantly affected by concentrations up to 0.13 mg/I 
of atrazine; concentrations of 0.23-0.42 ppm reduced both biomass and '*C uptake. 
Hexazinone concentrations of 0.03-0.1 ppm significantly reduced S. capricornutum 
biomass and '*C over 7 days. Effects were generally related to herbicide dose. 


Abou-Wéely, H., Abou-Setta, M.M., Nigg, H.N., and L.L. Mallory. 1991. Growth response 
of freshwater algae, Anabaena flos-aquae and Selenastrum capricornutum to 
atrazine and hexazinone herbicides. Bull. Environ. Contam. Toxicol. 46:223-9. 


The concentration of hexazinone which caused a 50% (LC,,) reduction in the 
chlorophyll content of green algae was measured over a 10 day period. The LC,, was 
-O56 ppm for a 3 day duration, .085 for a 5 day duration, and .125 for a 7 day duration. 
The LC. was also estimated for blue-green algae. The LC,, was 2.014 ppm for a 3 day 
duration, 2.375 ppm for a 5 day duration, and 2.752 ppm for a 7 day duration. After this 
time the algae recovered to its carrying capacity 10 days after treatment. 


Amancio, S. 1976. Ultrastructural alterations induced by the herbicide picloram (technical 
grade 70%) on a planktonic alga dunaliella bioculata (volvocales). C. R. Hebd. 
Acad. Sci. Ser. D. 283:1337-1340. 


Anderson, D., Cummin, J., Katz, M., LeGore, R., May, D.R., and K. Weitkamp. 1972. 
Effects on freshwater fish. J. Water Pollut. Contr. Fed. 44(6):1226-1250. 


Literature on the effects of pesticides and herbicides and other water pollutants on 
freshwater fish was reviewed. Several reviews have been published on the ecological 
effects of pesticides in water. An international study of organochlorine residues was 
conducted by 17 laboratories. In a national monitoring program, DDT and dieldrin were 
found in most fish samples. Static bioassays indicated that on estuarine fish the 
descending order of toxicity of insecticides was endrin, DDT, dieldrin, aldrin, dioxathion, 


3 


Bettoli, P.W. and P.W. Clark. 1992. Behavior of sunfish exposed to herbicides: A field 
study. Environ. Tox. and Chem. 11:1461-1467. 


An underwater closed-circuit video system was used to remotely monitor and 
record the behavior of bluegills (Lepomis macrochirus) and redear sunfish (Lepomis 
microlophus) guarding their nests before, during, and after applications of aquatic 
herbicides. Nests were sprayed to achieve a nominal concentration of 4 mg/L of either a 
dipotassium salt of endothall (Aquathol-K®), a dimethylamine salt of 2,4- 
dichlorophenoxyacetic acid (2,4-D), or water (control). No significant differences in rates 
of nest abandonment existed among the three treatments (p>0.10. Abandonment 
averaged 5.17 min for both species and herbicide treatments, whereas the herbicides 
persisted in the water column for at least 45 min. When abandonment occurred, 
congeners nearly always intruded on the nest to feed on eggs or fry. After spraying, the 
adjusted mean frequency of rim circling, fanning, and agonistic behaviors exhibited by 
bluegills guarding eggs did not differ among the three treatments (p>0.35). These results 
suggest the two herbicides will not elicit pronounced shifts in reproductive behavior of 
sunfish when they are properly applied. 


Bovey, Jr., R.W. and C.J. Scifres, Jr. 1971. Residual characteristics of picloram in 
grassland ecosystems. Texas Agr. Exp. Sta. Bull. 1111:24. 


Picloram (4-amino-3,5,6-trichloropicolinic acid) applied alone or in combination with 
2,4,5-trichlorphenoxyacetic acid (2,4,5-T) has potential for control of many herbaceous 
weeds and wood plants in grasslands. New data on rates and routes of picloram 
dissipation are reported for Texas grasslands. Picloram is susceptible to 
photodecomposition and is mobile within the ecosystem, following the movement of 
water. Movement of picloram over the soil surface is governed primarily by intensity of 
rainfall, time-lapse from application to the first rain, rate of picloram applied, density and 
botanical composition of vegetation cover, soil texture, and slope of land. In North Texas, 
17 ppb of picloram occurred in surface runoff after application of 0.25 pound/acre to 
highly permeable, sparsely vegetated soils. Applications of one and two pounds/acre to 
rangeland in South and Southwest Texas did not result in detectable residues in domestic 
water wells. Dilution in soil may be one of the most important, practical means of 
dissipating picloram. Vegetative growth of sensitive field crops would probably not be 
reduced by a single irrigation of water containing 1-4 ppb of picloram. Large columes of 


water containing 4 ppb applied to seedlings would likely reduce crop growth, while 


residues of 10 ppb or more in irrigation water could severely affect the growth of some 
sensitive crop seedlings. Picloram residues in the environment do not appear harmful to 
mammals, fish, birds, or insects. 


Bowmer, K.H. 1986. Rapid biological assay and limitations in macrophyte ecotoxicology 
a review. Aust. J. Mar. Freshwater Res. 37(2):297-308. 


Bowmer, K.H. 1990. Herbicides in water economics or environment. Aust. CSIRO Inst. 
Nat. Resour. Environ. Div. Water Resour. Tech. Memo. 0(90-4):1-19. 


maximum herbicide concentrations in runoff and results of acute tests indicated that 
Ramrod®, ME4 Brominal®, and Lasso® pose the greatest direct risk to midge larvae during a 
storm event. 


Buikema, A.L., Benfield, E.F., and B.R. Niederlehner. 1981. Effects of pollution on 
freshwater invertebrates. J. Water Pollut. Control Fed. 53(6):1007-1015 


Studies of pollutant effects on freshwater invertebrates are reviewed, and a 
comprehensive bibliography of the literature is provided. Separate sections discuss 
pertinent review articles, methods, microcosms, and communities. Specific studies are 
cited that investigated toxicity to cladocera, other zooplankters, amphipods, decapods, 
insects, molluscs, protozoa, and other organisms. Of these investigations, many involve 
the effects of pesticides on nontarget freshwater aquatic invertebrates. Some of the 
pesticides that are specifically mentioned are Roundup (glyphosate), DDT, 
pentachloronitrobenzene, (quintozene), simazine, trifluralin, toxaphene, fenvalerate, 
cyanatryn, lindane, mirex, and dieldrin. Examples of toxic effects caused by exposure to 
pesticides include inhibition of filtering activity of the mollusc Anodonta cygnea by 
sublethal concentrations of insecticides, and the development of uncoordinated locomotor 
movement in the cladoceran Daphnia pulex when exposed to the triazine herbicide 
cyanatryn at 20 ppm for 15 min. 


Butler, G.L. 1977. Algae and pesticides. In: Residue Reviews. Residues of Pesticides 
and Other Contaminants in the Total Environment, Vol. 66 (gunther, Francis A. and 
Jane Davies Gunther Ed.). VIIl+212P. Springer-verlag: New York, N.Y., USA; 
Berlin, West Germany. pp. 19-62. 


Byl, T.D. and S.J. Klaine. 1990. Peroxidase activity as an indicator of sublethal strees in 
the aquatic plant hydrilla-verticillata royle. In: Plants for Toxicity Assessment: 
Second Volume; Symposium, April 23-24, 1990, San Francisco, CA, USA 
(Gorsuch, J. W., et al. Eds.). ASTM (American Society for Testing Materials) 
Special Technical Publications, 1115. VIl+401p. 


Camper, N.D. Biochemical and residual properties of pesticides. Clemson University/Plant 
Pathology & Physiology, Clemson, South Carolina 29634. Fedrip Database, 
National Technical Information Service (NTIS). 


Determine the metabolic fate of aldicarb, avermectin, chlorpyrifos, Diquat, EDB, 
pyrethroids and related pesticides in insects, plants, and soil-water systems. Determine 
the dissipation and persistence of alachlor, atrazine, chlorpyrifos, hexazinone, norflurazon, 
nemacur, and pyrethroids in surface and vadose-zone soils and water. Degradation of 
selected radiolabeled herbicides and other pesticides in anaerobic aquatic sediments will be 
quantitatively determined with analytical techniques that include TLC and HPLC. The 
residue level and fate of diquat will be determined in sediment in treated reservoirs and in 
vitro experiments. Clomazone was degraded in tobacco callus and cell suspensioncultures 
with the formation of two degradation products during the early phase of incubation. 
Resistant callus tissue never released the unknowns into the culture medium while the 


Davis, W.S., and T.J. Denbow. 1988. Aquatic sediments. J. Water Pollut. Control Fed. 
60(6):1077-1088. 


Feng, J.C., Thompson, D.G., and P.E. Reynolds. 1990. Fate of glyphosate in a Canadian 
forest watershed: 1. Aquatic residues and off-target deposit assessment. J. Agric. 
Food Chem. 38(4):1110-1118. 


Glyphosate and AMPA residues in oversprayed and buffered streams were 
monitored following application of ROUNDUP (2.0 kg/ha) to 45 ha of a coastal British 
Columbia watershed. Maximum glyphosate residues (stream water, 162 mug/L; 
sediments, 6.80 mug/g dry mass; suspended sediments, < 0.03 mug/L) were observed in 
two intentionally oversprayed tributaries, dissipating to < 1 mug/L within 96 h 
postapplication. Buffered streams were characterized by very low glyphosate residue 
levels (2.4-3.2 mug/L in streamwater). Results of the off-target deposit assessment 
indicated < 0.01% of applied glyphosate at 8 m from the spray boundary. Increases in 
residue levels were observed in relation to the first storm event postapplication. Ratios of 
maximum stream water concentrations of glyphosate observed in buffered and 
oversprayed tributaries relative to literature toxicity values indicated a substantial margin 
of safety under either operational or worst case scenarios. 


Fleming, W.J., Ailstock, M.S., and J.J. Momot. 1990. Norman cmresponse of Sago 
pondweed a submerged aquatic macrophyte to herbicides in laboratory culture 
systems. In: ASTM (American Society for Testing Materials) Special Technical 
Publications, 1115. Plants for Toxicity Assessment: Second Volume (Gorsuch, 
J.W., et al. (ed.). San Francisco, CA, April 23-24, 1990. VIl+40O1p. 


Fogels, A. and J.B. Sprague. 1977. Comparative short-term tolerance of zebrafish, 
flagfish, and rainbow trout to five poisons including potential reference toxicants. 
Water Res. 11(9):881-818. 


Zebrafish (Brachydanio rerio) and flagfish (Jordanella floridae) were evaluated as 
potential standard species for aquatic bioassays in Canada by comparing their short-term 
tolerance to that of rainbow trout (Salmo gairdneri). When threshold or 10 day LC50 for 
rainbow trout were assigned a value of 1.0, corresponding values for zebrafish and flagfish 
were, respectively: copper sulfate, 1.6, 7.2; sodium pentachlorophenate, 4.7, 7.6; phenol, 
2.5, 3.1; picloram, 1.6, 0.55; and dodecyl sodium (DSS) sulfate, 2.8, 2.4. On the 
average, zebrafish were 2.6 times as tolerant as trout, and flagfish 4.2 times. Ratios of 
zebrafish/trout LC50 were considerably less variable than flagfish/trout LC50. Considering 
the known variable response of rainbow trout and a maximum ratio of only 7.6 for 
exotic/trout LC50, responses of zebrafish and flagfish were judged not sufficiently 
different from those of rainbow trout to discount either exotic species from further 
consideration as a potential standard test-fish. As a reference toxicant, sodium 
pentachlorophenate presented difficulties with analysis and availability. DSS showed no 
threshold of acute lethality for trout and 5 yr old DSS had about 1/3 the toxicity of 1 yr 
old DSS. Phenol met all criteria considered for a reference toxicant. 


mutagenesis. Anaerobic growth was not possible on any of the fermentable sugars. All 
the microalgae were sensitive to the photosystem II inhibitors diuron and atrazine and the 
70S ribosome inhibitors erythromycin and streptomycin. However, the diatoms were - 
insensitive to spectinomycin and sulfometuron methyl. Information about drug sensitivities 
permitted the selection of drug resistant mutants. Mutagenized cultures produced colonies 
when plated on media containing drug concentrations that were growth-inhibiting for 
wild-type cultures. Mutations were recovered in Monoraphidium, Nannochloropsis, and 
Navicula species. 


Goldsborough, L.G. and A.E. Beck. 1989. Rapid dissipation of glyphosate in small forest 
ponds. Arch. Environ. Contam. Toxicol. 18(4):537-544. 


Glyphosate was applied to the water surface of four small boreal forest ponds and 
six in situ microcosms at a rate of 0.89 kg a.i./na. Water samples collected over a period 
of up to 255 days were analyzed for glyphosate and its primary metabolite 
aminomethylphosphonic acid (AMPA). Glyphosate dissipated rapidly from all ponds with 
first order half-lives ranging from 1.5 to 3.5 days. The slowest dissipation rate occurred in 
the pond with the most calcareous water and sediments. Glyphosate remained at or 
above the treatment concentration in microcosms containing only water but decreased 
rapidly in the presence of sediments. AMPA levels in ponds and microcosms were 
consistently low. Concentrations on microcosm wall samples were temporally variable, 
probably a result of adsorption to periphytic biofilms. Glyphosate in the sediments of 
treated microcosms generally increased with time during the period of observation. These 
results confirm that glyphosate dissipates rapidly from the surfaces waters of lentic 
systems, and suggest that sediment adsorption or biodegradation were the major means of 
glyphosate loss from the water column. 


Goldsborough, L.G. and D.J. Brown. 1988. Effect of glyphosate (Roundup formulation) 
on periphytic algal photosynthesis. Bull. Environ. Contam. Toxicol. Vol. 
41(2):253-60 


Haag, K.H. 1986. Effects of herbicide application on mortality and dispersive behavior of 
the water hyacinth weevils neochetina-eichhorniae and neochetina-bruchi coleoptera 
curculionidae. Environ. Entomol. 15(6):1192-1198. 


Toxicities of commonly used water hyacinth herbicides and additives to water 
hyacinth weevils, Neochetina eichhorniae Warner and N. bruchi Hustache, were tested in 
the laboratory. Weevils were either sprayed while on water hyacinth plants or dipped 
directly into the compounds tested. No significant mortality resulted from exposure to 
2,4-D, diquat, glyphosate, or additives including a surfactant and a polymer. Exposure to 
an inverting oil, and its primary component d’limonene, resulted in significant mortality of 
both species at concentrations tested. Effects of herbicide exposure on flight muscle 
development seemed to be related to time of year at which exposure occurred. Effects of 
herbicide application on dispersive behavior were determined by placing marked weevils on 
artificial weed mats in the field. Mats were subsequently sprayed with a standard 
concentration of 2,4-D. Weevils consistently migrated from sprayed, dying plants to 
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well as 10x and 100x field dose resulted in no mortality to rainbow trout in field streams. 
Results indicate that operational spraying with this herbicide for weed control should not 
be detrimental to rainbow trout populations. Improper use or accidental spills of Roundup 
could be avoided by rainbow trout and should not be lethal if diluted in a 
moderately-flowing stream. 


Holck, A.R. and C.L. Meek. 1987. Dose-mortality responses of crawfish and mosquitoes 
to selected pesticides. J. Am. Mosq. Control Assoc. 3(3):407-411. 


A study was conducted to determine the toxicities (LC.9s) of several pesticides on 
the commercially important red swamp crawfish, Procambarus clarkif, and 3 mosquito 
species common in Louisiana ricelands - Anopheles quadrimaculatus, Culex salinarius and 
Psorphora columbiae. Pesticides tested in laboratory bioassays included Bacillus 
sphaericus, B. thuringiensis var. israelensis, bendiocarb, glyphosate, isostearyl alcohol, 
malathion, propoxur, resmethrin synergized with piperonyl butoxide (PBO) and thiobencarb. 
Isostearyl alcohol was the least toxic compound to crawfish, with a LC., of > 10,000 
ppm, while resmethrin + PBO (1:3 ratio) was the most toxic with a LC,, of 0.00082 ppm. 
The herbicides glyphosate and thiobencarb were the least toxic compounds for the 
mosquito species tested, while 8. ¢t. var. israelensis and resmethrin + PBO were the most 
LOXIC: 


Holdway, D.A., and D.G. Dixon. 1988. Acute toxicity of permethrin or glyphosate pulse 
exposure to larval white sucker (Catostomus commersoni) and juvenile flagfish 
(Jordanella floridae) as modified by age and ration level. Environ. Toxicol. Chem. 
7(1):63-68. 


A factorial design was used to determine the effects of age (2, 4, and 8 d for 
flagfish; 13, 20, and 26 d for white sucker)and ration (fed or unfed) on the acute toxicity 
of permethrin pulse exposure. A similar design was used to evaluate the acute toxicity of 
glyphosate to flagfish. Relative tolerance was assessed by determining the 2-h 
pulse-exposure concentration causing 50% mortality (PE LC50) over the subsequent 96 h. 
Age at exposure and the presence or absence of food modified the toxicity of permethrin 
to both flagfish and white sucker. White sucker were consistently less tolerant of 
permethrin than flagfish. Fed and unfed 8-d-old flagfish, as well as unfed, 2-d-olds, 
showed equivalent levels of permethrin tolerance, with respective 96-h PE LC50Os of 0.57, 
0.54, and 0.68 mg L-1. They were significantly less tolerant than 4-d-old unfed juveniles 
(2.97 mg L-1), which were in turn significantly less tolerant than 2- to 4-d-old fed 
juveniles, whose respective 96-h PE LC50s were 5.55 and 7.91 mg L-1. Unfed white 
suckers were less tolerant than fed white suckers at all ages tested. Unfed white suckers 
at 13 d (96-h PE LC50, 0.002 mg L-1) and 20 d (0.001 mg L-1) were significantly less 
tolerant than unfed fish at 26 d (0.172 mg L-1) and fed fish at 13 d (0.184 mg L-1), 
which were more tolerant than 20-d-old fed fish (0.010 mg L-1). Fed fish at 26 d of age 
were the most tolerant (3.668 mg L-1). Glyphosate proved to be relatively non-toxic to 
flagfish up to 30 mg L-1. No mortality was observed during the bioassays with 2- and 
4-d-old fed and starved fish. Fed 8-d-olds (96-h PE LC20, 29.6 mg L-1)were significantly 
more tolerant of glyphosate than were unfed 8-d-olds (96-h PE LC20, 2.94 mg L-1). The 
sharply delineated periods of permethrin sensitivity are discussed with reference to the 
theory of saltatory ontogeny. 
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tolerance limit (TL,.) was calculated for each toxicant from data obtained by static 
bioassay. Some adult frogs (Litoria ewingi and Limnodynastes tasmaniensis) were 
subjected to greater concentrations of several of the toxicants. Toxicity varied greatly 
among the tadpoles exposed to various toxicants with fenoprop being the most toxic 
chemical tested, while no differences were observed in behavior or activity between the 
exposed and control adult frogs. A significant reduction occurred in the thermal tolerance 
of 1-2 wk old A. brevis exposed to subacute dosages of amitrole-T, picloram and 2,2-DPA 
(2,2-dichloropropionic acid). 


Johnson, C.R. 1978. Herbicide toxicities in the mosquito fish, Gambusia affinis. Proc. R. 
Soc. Queensl. 89:25-28. 


G. affinis were exposed to a range of concentrations of 11 herbicides, fenoprop, 
sodium arsenite, picloram, dicamba, 2,4-D, 2,4,5-T, paraquat, monosodium methyl 
arsonate, disodium methyl arsonate, anitrole T and 2,2-dichloropropionic acid(2,2-DPA). 
From data obtained through static bioassay, the median tolerance limit was calculated for 
each toxicant. Considerable variation was found in toxicity to G. affinis with the various 
herbicides, ranging from 0.35 ppm for 96 h exposure to fenoprop to 19.0 g/l for 96h 
exposure to 2,2-DPA. Fenoprop, sodium arsenite and picloram, respectively, were most 
toxic and the least toxic compounds tested were amitrole T and 2,2-DPA. 


Kafarov, R.S., Bakumenko, L.A., and D.N. Matorin. 1985. Effect of herbicides on 
photosynthetic reactions in plants and algae. Agrokhimiya 0(11):99-104. 


Kenaga, E.E. 1982. Predictability of chronic toxicity from acute toxicity of chemicals in 
fish and aquatic invertebrates. Environ. Toxicol. Chem. 1(4):347-358. 


The relationship of the acute LC50 of chemicals to their chronic toxicity for aquatic 
animals can be expressed as the acute chronic ratio (ACR). Based on ACR data 
accumulated from the literature, the size ranges of ACR for various chemicals were 
determined for different species. The relationship and significance of the size of the ACR 
for various species, LC50 values, bioconcentration factors, classes of chemicals and their 
uses and mode of toxic action are given. LC50 acute toxicity data (86%) were < 2 orders 
of magnitude different from the chronic toxicity no-effect concentration for the same 
chemicals and species. Among the industrial organic chemicals (i.e., excluding pesticides 
and metals) the average ACR for 4 spp. of organisms was 12, and 93% of these ACR 
values were 25. Industrial organic chemicals had a higher percentage of ACR values < 25 
than pesticides and heavy metals. These data offer a statistical basis for the prediction of 
chronic toxicity from acute toxicity. 


Kenga, E.E. 1969. Tordon herbicides--evaluation of safety to fish and birds. Down to 
Earth 25(1):5-9. 


This paper reviews the literature and unpublished data on the toxicity of Tordon 
herbicides, which contain 4-amino-3-5-6- trichloropicolinic acid (picloram), to several 
species of fish and birds. The nine different formulations studied, some in mixture with 
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Korotkova, O.A. 1975. Pesticides and the environment. Heterocyclic compounds. 
(Analytical review). Khim. Sel’sk. Khoz. 13(11):64-76. 


Studies on the persistence, metabolism, and toxicity of heterocyclic pesticides are 
reviewed. Picloram is highly persistent in soil, but is rapidly degraded by UV light in 
aqueous solutions. It does not suppress soil microorganisms, and has low toxicity in 
aquatic organisms. Benomyl is relatively rapidly degraded by UV light and heat, and in 
water and plants. Fenazaflor is hydrolyzed in water, blood plasma, and liver. 
Thiabendazole is persistent in water and in soil. Methylthiophanate is rapidly metabolized 
in soil and in plant material, and has very low toxicity in warm-blooded organisms. 
Carboxin is oxidized to sulfoxide in soil. It has an LD50 of 2.68-3.2 g/kg in rats, and 
shows slight accumulation in the organism. Bromacil, terbacil, lenacil, and dimethirimol 
are noted for their very low toxicity in warm-blooded organisms. Pyramin is rapidly 
metabolized in soil by microorganisms, and has low toxicity. Bentazon does not influence 
the soil biological activity. Sencor is hydrolyzed in soil. 


Kreutzweiser, D.P., Kingsbury, P.D., and J.C. Feng. 1989. Drift response of stream 
invertebrates to aerial applications of glyphosate. Bull. Environ. Contam. Toxicol. 
42:331-8. 


If the drift increases of Paraleptophlebia sp. were due to glyphosate contamination, 
they occurred at much lower concentrations than would be expected, suggesting a lower 
level of toxicant perception or a particular susceptibility of this genus to glyphosate, 
especially when exposed to the herbicide in actual field applications. If the drift responses 
were attributable to the herbicide treatment, the impact was limited to Para/eptophlebia sp. 
since none of the other groups demonstrated a similar increase. Small postspray increases 
in drifting Gammarus sp. were inconclusive. This short term impact study has shown that 
when glyphosate was aerially applied to or near salmon nursery streams, it produced, at 
most, slight and ephemeral drift increases of one mayfly species. 


Kreutzweiser, D.P., S.B. Holmes, and D.J. Behmer. 1992. Effects of the herbicides 
hexazinone and triclopyr ester on aquatic insects. Ecotox. and Env. Safety 23:364- 
374. 


Experiments were conducted to measure acute lethal response of aquatic insects to 
hexazinone (Velpar L) and triclopyr ester (Garlon 4) in flow-through laboratory bioassays, 
and to determine lethal and behavioral effects of these herbicides on insects in outdoor 
stream channels. No significant mortality (x? P > 0.05) occurred in 13 test species 
exposed to hexazinone in laboratory flow-through bioassays (1-hr exposure, 48-hr 
observation) at the maximum test concentration of 80 ppm. The survival of insects 


exposed to 80 ppm hexazinone in outdoor stream channels was likewise unaffected. 
Significant drift ((X? P > 0.001) of /sonychia sp. occurred during a hexazinone treatment 
of the stream channels, but only at the maximum concentration of 80 ppm, and survival of 
the displaced /sonychia sp. was not affected. In flow-through bioassays with triclopyr 
ester, 10 of 12 test species showed no significant mortality at concentrations greater than 
80 ppm. Survival of /sogenoides sp. and Dolophilodes distinctus was significantly affected 
at less than 80 ppm. Lethal concentrations were estimated by probit analysis of 
concentration-response data (1-hr exposure, 48-hr observation) for Simulium sp. (LCs = 


17 


Luetjen, K., Girardet, I., Altenburger, R., Faust, M., and L.H. Grimme. 1988. The effect 
of glyphosate and phosphinothricin on single celled green algae. Communications 
of the Federal Biological Institute for Agriculture and Forestry Berlin-dahlem, No. 
245. 46th German Plant Protection Convention; Regensburg, West Germany, 
October 3-7, 1988. XXVII+524P. Kommissionsverlag Paul Parey: Berlin, West 
Germany. 0(0):396. 


Malik, J., Barry, G., and G. Kishore. 1989. The herbicide glyphosate. Biofactors 
221/228 


Glyphosate has broad spectrum herbicidal activity against a wide range of annual 
and perennial weeds. The environmental properties of this herbicide such as its soil 
immobility, rapid inactivation and soil biodegradation are outstanding. This herbicide is 
practically non-toxic to non-plant life forms such as aquatic and avian species, animals and 
man. Metabolism studies with pure bacterial cultures indicate that glyphosate is 
metabolized to either aminomethylphosphonate and glyoxylate or sarcosine and phosphate 
in most bacteria. The enzyme C-P lyase, which catalyzes the cleavage of the 
carbon-phosphorus bond of phosphonates including glyphosate, appears to be complex, 
containing multiple subunits. Mode of action studies have demonstrated that glyphosate 
kills plants by inhibiting the enzyme 5-enolpyruvylshikimate-3-phosphate synthase, 
involved in the biosynthesis of aromatic compounds. The status of our understanding of 
these aspects of glyphosate is reviewed. 


Marquis, L.Y., Comes, R.D., and C.P. Yang. 1981.Absorption and translocation of 
fluridone and glyphosate in submersed vascular plants. Weed Sci. 29(2):229-236. 


The uptake and translocation of fluridone [1-methyl-3-phenyl-5-[3- 
(trifluoromethyl) phenyl] 4(1H)-pyridinone] were examined in sago pondweed (Potamogeton 
pectinatus L.) and Richardson pondweed [Potamogeton richardsonii (Ar. Benn.) Rydb.}. 
Root and shoot tissues of both species were isolated from each other with wax barriers 
and treated individually with 1.0 ppm '*C-fluridone. Both tissues bioconcentrated 
fluridone, but the amount absorbed represented 1% or less of the total herbicide available. 
Limited root-to-shoot translocation occurred, but shoot-to-root transport was negligible. In 
contrast to fluridone, highly mobile glyphosate [N-(phosphonomethyl) glycine] translocated 
from the shoots to the roots in sago pondweed. No metabolism of fluridone was detected 
in sago pondweed. (Author abstract by permission) 


Mayack, D.T., Bush, P.B., Neary, D.G., and J.E. Douglass. 1982. Impact of hexazinone 
on invertebrates after application to forested watersheds. Arch. Environ. Contam. 
Toxicol. 11(2):209-17 


The impact of the herbicide, hexazinone, was assessed on aquatic macrophytes, 
aquatic and terrestrial invertebrate communities within forested watersheds in the 
Piedmont region of Georgia. Four replicate watersheds received hexazinone on April 23, 
1979, and were subsequently monitored for eight months. Residue levels in terrestrial 
invertebrates were a maximum of two orders of magnitude greater than comparable levels 


(0.01 to 0.18 ppm) found in forest floor material. Aquatic organisms in a second order 
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unicellular green algae, fish muscle, or rat liver. A more sensitive electron microscope 
assay procedure for herbicide-membrane interaction was also developed with indications 
that animals and algae lack the biochemical mechanisms required for these organisms to 
respond to 2,4-D or related herbicides. For brush control along agricultural drainage 
ditches, 2,4-D alone is of limited effectiveness, Silvex as an ester can not be sprayed 
directly on the water, and application of dicamba appears to be more effective in spring 
than in the fall. (Author abstract by permission) 


Nakayama, H. 1976. Recent topics on herbicides. Chem. Reg. Plants 11(1):9-18 


After describing the present status of herbicides in Japan, their effects in 
combination, and the mechanism of their action, the residue problems of herbicides were 
introduced. Although many kinds of herbicides are decomposed swiftly in soil, some of 
them, e.g., atrazine, dichlobenil, diuron, fenac, monuron, neburon, picloram, propazine, 
simazine, and trichloroacetic acid remain more than a year in soil, and the residues damage 
crops planted in the next season. However, it is said that herbicides do not severely affect 
the soil organisms, except for bacteria concerning nitration. The contamination of lake 
sediments by the runoff of herbicide from fields remained for 120 days to 3-8 years in 
some cases, with possible damage to the livers of small fish in the lake (2,4-D, MCPA, 
DNOC, PCP, simazine, paraquat, and diquat). 


Naqvi, S.M. and R.H. Hawkins. 1989.Responses and LC-50 values for selected 
microcrustaceans exposed to spartan malathion sonar weedtrine D and oust 
pesticides. Bull. Environ. Contam. Toxicol. 43(3):386-393. 


Oust® herbicide seems to be the safest one among those tested. It is highly 
unlikely that the ambient water concentration of this compound would ever exceed 1000 
ppm. Similarly, Sonar® herbicide might pose less problem to aquatic organisms due to its 
tendency to be adsorbed by the organic matter and soil particles, rapid uptake by plant- 
tissue and its half-life of 14 days or less in the field conditions (Muir et al. 1980). The 
reported LC,, for Daphnia magna is 6.3 mg/L (Waldrep & Taylor 1976). Al/onella sp. 
(cladocerans) of our study were more than twice as tolerant as Daphnia magna. 


Newton, M., Howard, K.M., Kelpsas, B.R., Danhaus, R., Lottman, C.M., and S. Dubelman. 
1984. Fate of glyphosate in an Oregon (USA) forest ecosystem. J. Agric. Food 
Chem. 32(5):1144-1151. 


Glyphosate herbicide residues and metabolites were evaluated in forest brush field 
ecosystems in the Oregon Coast Range aerially treated with 3.3 kg/ha glyphosate. 
Deposits were recorded at various canopy depths to determine interception and residues in 
foliage, litter, soil streamwater, sediments and wildlife for the following 55 days. The 
half-life of glyphosate ranged from 10.4 to 26.6 days in foliage and litter and twice as long 
in soil. The treated stream peaked at 0.27 mg/l and decreased rapidly; concentrations 
were higher in sediment than in water and persisted longer. Coho salmon fingerlings did 
not accumulate detectable amounts. Exposure of mammalian herbivores, carnivores and 
omnivores and retention of herbicide seemed to vary with food preference; however, all 
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Reinert, K.H. 1989.Environmental behavior of aquatic herbicides in sediments. In: 
Symposium on Reactions and Movement of Organic Chemicals in Soils held at the 
1987 Annual Meeting of the American Society of Agronomy and the Soil Science 
Society of America, Atlanta, Georgia, USA, November 30-December 1, 1987. 
SSSA Spec. Publ. (Scil Sci. Soc. Am.) Ser. 0(22):335-348. 


Rhodes, R.C. 1980. Studies with C labeled hexazinone in water and bluegill sunfish. J. 
Agric. Food Chem. 28(2):306-310. 


'4C residues in bluegill sunfish exposed to water containing ['*C]hexazinone at 0.01 
and 1.0 ppm for 4 wk were found to plateau after 1-2 wk of exposure. A maximum 
accumulation factor of 5-7 was found in the viscera at both exposure levels. Following 
the 4-wk exposure period, the fish were transferred to fresh water for a 2 wk depuration 
period. After 1 wk in fresh water the '*C residue levels decreased by greater than 90% 
and no detectable '*C residues remained in the fish tissue at the end of the 2 wk period. 
No effects on the fish were noted during the course of the experiment. 


Solomon, K.R., Bowhey, C.S., Liber, K., and G.R. Stephenson. 1988. Persistence of 
hexazinone velpar triclopyr garlon and 2 4 D in a Northern Ontario Canada aquatic 
environment. J. Agric. Food. Chem. 36(6):1314-1318. 


Stratton, G.W. 1987. The effects of pesticides and heavy metals towards phototrophic 
microorganisms. In: Reviews in Environmental Toxicology, 3 (Hodgson, E. Ed.). 
XI+287P. Elsevier Science Publishers B.V.: Amsterdam, Netherlands (Dist. in the 
USA and Canada by Elsevier Science Publishing Co., Inc.: New York, New York, 
USA). 0(0):71-148. 


Sullivan, D.S., Sullivan, T.P., and T. Bisalputra. 1981. Effects of Roundup herbicide on 
diatom populations in the aquatic environment of a coastal forest. Bull. Environ. 
Contam. Toxicol. 26(1):91-96. 


The effects of the herbicide Roundup (356 mugq/l glyphosate) on algae (diatoms) 
was Studied in 2 streams and 1 pond under 2 different experimental conditions. In the 
first experiment an experimental area consisting of a small rocky stream leading to a small 
pond was exposed to Roundup by aerial application at 2.2 kg Al/ha. Sediment samples 
and glass slides placed in the water were removed immediately prior to spraying and 1, 5, 
30 and 47 days after spraying. Diatoms were identified in sediment samples. 

Photographs were taken of slide samples for identification and counting of genera. Pond 
sediment samples showed an increase in the Tabellaria in the treated area compared to the 
controls, and a decline in total diatoms over time. Navicula and Cymbella showed a 
significantly higher density in the experimental area. Pond slides showed significant 
changes with time in several of the dominant species. Low density in stream samples 
precluded their analysis. In a second experiment, one area of the study stream was misted 
manually with Roundup at field dose (2.2 kg/ha) and another section was misted with 10 
times field dose. Each area contained a slide tray containing upright slides; these were 
analyzed as in the first experiment. Differences in densities of the various genera were 
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hr. The 96-hr LC50s ranged from 5.8 mg/l for terbutryne to > 30,000 mg/I for dalapon. 
Safety factors were calculated as the ratio between the 96-hr LC50 and the maximum 
concentration of herbicide formulation likely to be found in water after use at the 
recommended level. Paraquat and dichlobenil had the smallest safety factors (13 and 9, 
respectively). It is concluded that the maximum herbicide concentration likely to be found 
in water should cause little harm to fish. The possible inhibition of feeding at lower 
concentrations is suggested. 





Tubea, B.I. 1980. The effects of nutrient, pH and herbicide levels on algal growth. Diss. 
Abstr. Int. B 40(10):4596. 


Herbicides enter water systems, whether they are directly applied into water as 
aquatic herbicides or indirectly drain from cultivated farm lands. Water systems also have 
different nutrients or pH levels. Experiments were designed to determine the impacts of 
herbicides, nutrients, or pH levels on algal growth. The growth determinations were made 
by using stock cultures of Chlorella pyrenoidosa Chick and Lyngbya bergei Dyar. The 
herbicides used were picloram, prometryne, dinoseb, and fluometuron at 0.1, 1.0 or 10.0 
muM. Known combinations of uni-algae cultures, nutrient of pH levels and herbicide 
concentrations were placed in 50 ml Erlenmeyer flasks. There were no differences in 
growth rates of algae with the P and K levels used. High levels of Ca and Mg increased 
growth rates. High levels of N and pH increased the growth of all the algae tested except 
the pH treatments of C. pyrenoidosa when combined with prometryne or fluometuron. 
Picloram had no effect on growth of any of the algae tested. Dinoseb had an inhibitory 
effect on L. berge/, but no inhibitory effect on C. pyrenoidosa. \n general, growth 
inhibition increased as the herbicide concentrations increased, particularly with prometryne 
and fluometuron. Significant interactions among herbicides and nutrient levels were found 
for N and pH. 


Walker, J.D. 1990. Effects of chemicals on microorganisms. Res. J. Water Pollut. 
Control Fed. 62(4):618-624. 


Walsh, G.E., Weber, D.E., Nguyen, M.T., and L.K. Esry. 1992. Responses of Wetland 
Plants to Effluents in Water and Sediment. In: Govt Reports Announcements & 
Index (GRA&I), Issue 07, Environmental Research Lab., Gulf Breeze, FL. 


Responses of two wetland vascular plants, Echinochloa crusgalli and Sesbania 
macrocarpa, exposed to effluents from a coke plant, a pulp mill, a wastewater treatment 
plant, and the herbicide, hexazinone, were measured in three types of tests: seed 
germination and early growth, seedling survival and growth in hydroponic culture, and 
seedling survival and growth in sand and synthetic sediments with clay, silt, and sand, 3, 
5, 7.5, or 10% organic contents. There was no effect of effluents or herbicide on 
germination and survival was affected only by the herbicide. When compared to controls, 
growth rates were reduced significantly in all tests except for E. crusgalli exposed to 
effluent from a wastewater treatment plant. There, the effluent stimulated growth in 
sediments. Increasing concentrations of organic matter in sediments had little effect on 
toxicity of effluents, but did cause reduced effects of hexazinone. Journal article. Pub. in 
Environmental and Experimental Botany, v31 n3 p351-358 1991. See also PB91-200337. 
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The marked comparability, in all six macroinvertebrate biocriteria, exhibited between 
control and herbicide-treated streams indicated that hexazinone did not adversely impact 
macroinvertebrates. Fish populations in these streams were low in diversity and 
abundance, but we found no evidence that hexazinone adversely impacted these 
communities. 


Wedemeyer, G.A., Saunders, R.L., and W.C. Clarke. 1980. Environmental factors 
affecting smoltification and early marine survival of anadromous salmonids. Mar. 
Fish. Rev. 42(6):1-14. 


A report is presented in which the factors affecting low ocean survivorship of 
artificially propagated salmon are discussed. Less than 10% of hatchery coho salmon 
survive, whereas as much as 32% of wild Atlantic salmon survive. Many factors which 
must be considered when raising fish in a hatchery were reviewed, including physiological 
changes, hypoosmotic regulatory capability, salinity tolerance and enzyme activity. 
Environmental parameters that could influence these physiological factors include heavy 
metals, water temperature, photoperiod, and exposure to pesticides. Exposure of coho 
salmon smolts to the herbicide Tordon 101 (picloram + 2,4-D) at 0.6-1.8 mg/l for 96 hr 
prevented successful migration upon release. Low levels of 2,4-D are known to cause an 
avoidance response in nonanadromous steelhead trout. Recommendations for increasing 
survivorship are discussed. 


Williamson, D.A. 1988. Hexazinone residues in surface and groundwater at two sites 
within Agassiz Provincial Forest, Manitoba, Canada. Wat. Pollut. Res. J. Can. 
23(3):434-449. 


Studies were undertaken to determine the fate and effect of Velpar L (hexazinone) 
on aquatic systems following application to reforestation plantations. Surface water and 
groundwater were monitored for hexazinone residues. Conventional flask and microplate 
algal bioassays were conducted using Selanastrum capricornutum Printz, a Microtox 
bioassay was undertaken using Photobacterium phosphoreum and a S.O.S. chromotest 
was undertaken using Escherichia coli. Both lateral off-site migration and vertical 
migration of hexazinone were observed within the surficial aquifer at the study sites. 
Lateral movement was limited to the extent that less than 10 mug/L were detected in 
groundwater samples within 5 m of the application site. Hexazinone residues were 
detected in test wells for a period of approximately 1000 days following application. 
Hexazinone appeared to move downward in a relatively narrow band at a rate that was 
artificially enhanced during the process of groundwater sample extraction. Hexazinone 
residues were detected within ephemeral pools that formed on treated soils for a period of 
approximately 1000 days following application. Algal bioassay studies indicated inhibition 
of primary productivity would occur at relatively low hexazinone concentrations (22.5 
mug/L). Velpar L was not mutagenic as evidenced by the S.0O.S. chromotest and was 
relatively non-toxic as indicated by the Microtox bioassay. 


Willis, G.H., Mcdowell, L.L. 1982. Pesticides in agricultural runoff and their effects on 
downstream water quality. Environ. Toxicol. Chem. 1(4):267-280. 
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Issues for Consideration Sack 7 
by the 
National Steering Committee 
on 
Herbicide Use in Vegetation Management 
December 1- 2, 1992 
Davis, California 


Submitted by Edward Monnig 


Introduction 


I would identify three major areas of consideration for the National Steering 
Committee on Herbicide Use in Vegetation Management. These three areas are: 
the socio-political aspects of herbicide use, the environmental/human health 
impacts of herbicide use, and the efficacy and cost-benefits of various 
vegetation management techniques. Within these emphasis areas are several high 
priority needs for consideration. 


Socio-political Considerations 


The Forest Service is in the vegetation management business; it is a large part 
of our reason for existing. The vegetation on our landscapes is the clay that 
we sculpt and canvas on which we work. We manipulate vegetation to produce 
commodities such as timber, to affect wildlife, to protect rare and endangered 
species, to enhance water yield or forage, and to ensure public safety. In all 
these things there is, however, one critical difference between the forester 
and the sculptor. We are asked to accomplish our tasks while making it look 
like we have done nothing. 


The desire to preserve the natural landscape is salient in the American public 
and virtually as powerful as its quest for material goods. The Forest Service 
finds itself searching for some high middle ground in response to these 
demands. We are in the process of formulating the concepts of ecosystem 
management as the latest iteration in forest management. In this transition 
period (some would call it an identity crisis), we are devoting considerable 
effort to determining how management activities can be reconciled with these 
concepts. A major challenge for the person in the field is to understand how 
management activities can be made consistent with these concepts. 


One general concept that seems to arise from ecosystem management is that it is 
less intensive, less focused on single or limited forest outputs. In the 
absence of a clear understanding of the principles, ecosystem management 
becomes interpreted as requiring or justifying the discontinuance of 
traditional techniques associated with intensive management. These include 
forestry techniques such as clearcutting and the silvicultural use of 
herbicides. Such techniques now raise a red flag in the minds of many people 
both inside and outside the agency because of their association with a single 
product intensive orientation in forest management. 


The reluctance to be consider herbicides in silvicultural settings is now 
fairly pervasive in many parts of the agency. It manifests itself in many 


ways. Some examples include the lack of ownership accorded the techniques at 
the Washington Office staff level. Attempts by the Policy Analysis Group to 
define responsibilities have apparently been postponed. FPM has often assumed 
a central role but it seems a role by default rather than by clear mandate. 


At other levels in the agency, there is often a reluctance to commit resources 
for research, planning, and NEPA compliance for herbicide use. This can 
reflect an assumption of higher priorities in other areas as well as a failure 
to assume leadership roles by specific staff or field units. 


I believe we must recognize that the shift to an ecosystem management approach 
will foster uncertainty about the role of traditional management techniques. 
To counter this uncertainty will require a concerted and positive effort. I 
believe the agency will have to devote considerable resources to several high 
profile projects that show how more traditional management techniques can be 
adapted to an ecosystem management approach. Until we have a clearer 
understanding of the realities of ecosystem management, I believe that the 
reluctance to invest in traditional techniques such as silvicultural herbicide 
use will increase. 


Environmental and Human Health Concerns 


The possible direct environmental and human health effects of pesticide use 
have been a traditional area of concern. The Forest Service has invested 
significant time and resources in risk analyses that address both the direct 
environmental and human health effects of herbicide use. These analyses 
generally indicate little to no possible adverse effect. 


One possible exception is in the area of worker safety. The risk analyses have 
begun to identify possible concerns with several herbicides whose margins of 
safety are less than those routinely accepted by the Forest Service. Whether 
these risks are real or are only an artifact of the conservative nature of 
these risk analyses is unclear. This uncertainty is affecting the potential 
use of several herbicides. 


Additional field study is needed to determine actual worker doses under 
representative conditions. At the present time analyses of worker safety are 
extrapolated from studies conducted under non-representative conditions. 


Efficacy Studies 


In the past the Forest Service and other organizations have conducted research 
on the effects of controlling competing vegetation on seedling survival and 
short term growth. Study plots have been established in many parts of the 
country. Many of these plots are now approaching 15 to 20 years old and would 
be appropriately remeasured to determine long-term effects. Unfortunately, 
support for remeasuring these plots is often unavailable because of a shift in 
research priorities. This work is somewhat time critical in the Intermountain 
West. Because of retirements of key personnel, it will become increasingly 
difficult to recapture the earlier work. 

























(st 4 er 55 Mike Rutty 
ae 6S Seer = R-5 Stanislaus NF 


: 7 wee uscd yao 4 
Beriapad Sea attr d Cinwivtos 


' i 
7 7 Jaa Comme, "ch iy ; oi 


7 


ii Serv icide no tithel ad of j iy aos 


© Yeate fcoquettiy Mieeg wiry iia, «st | 
rowti | PA BrK at 1) wat i -@ Gud iy i ; 
hove Aarne wy! } ty 7 o.{ | é m4 q ar ’ 


POORLY « | 


Many ri v ys & a9 ey ae v) ; 
4) ie — ot -— - . 
4 - —_ a 
re , 5 e F 
; ’ ' 2 ; 
& & P 
3 
‘ 
- 
4 U 4A { b 
a ¥ ‘ ‘ 
a rwie J = 
: 7 tm . ac ‘Bis o% ; = = 
Reréatew oovt 2, UM accrue 
4 7 
LE S97 be 1) a4 _ 6 pig f . ‘ 2 | 1 
Sued niniliceciie plage-¢ fo: é 
_ 
a 
‘ Sidiusey hed -eAflocel one ia? | | : 
“ed ‘hat: ci nat farr epped!s i ball deedie iat ' . 4 ) 
i ieabd wabred dn peeling. 7 » Vindew Fat, ef? | ( 
nt ‘At ye - outa the | wa es at) coh tae 


an a 

- is Load pe the iperer 1 aia Parri tc? tom WL. ' 2 
ae saan Hee btm BT n@ ta: F ua f = ; 
; 7 “re hosters tot io) e &: Bea < y pr fl * Vag : 
far Byler ates 4 Lori o . “re £ 1 

— ihwag clas: ty vie 
















ver Ys. erase ‘ ; Dae 
Yosh RM ee pirhiase | ll ye span 4 an 
: ' ratt a « : 4 OF —_ 46 hd A! : 
aH avn, $4807 ii - i — ; 
on - a _ 
J - on 7 
‘ -—_ oi a | 
hb) @ ¥ : 
é - = 4. 
sg a” ¥ » 7 7 ts ® a 
= es J os 
7 7 ts 
a 
* 
= : - 
" 
a abs ie : 7 
- 
- 
ae 7 : 
hy, ; 7 
Y Laas a 
- x 4 
2 ry oe a 
- ¢ =s 7” . 
A a7 ° * 
Le a 7 u oe ™ 
wa ™ en - 
ab. o~ “49 
Smia ¢il a, - ; 
7 7 . 
Tepe .S-= — 7 
wt 7 aff 7 Pa - _ oS 
O45 aan leds _ 
Et arAehe-s gal - - 
* -_ i 
- 3S SD *2 @! oe ms ca a 
- 7a a - : - 
_ y 
- = oe 
te P 7 7 — 7 
oS ASetd Siepise cA 
- , : ' 7 : 7 : -) 7 
7 —— z “7 vve 7 a a 
SS Se ee ee PO), See: & whet itll 
ee * a2 : as a ae 1S 
_ tee etigeey € oe ee i 


= showt a opt ae ae na ei 
= tou 4s 2 ree, Pe ‘ seen 7 
A) “<<!  20 spepreesanaky pe 
pont 
ee = 


ne ‘mae ee 


Januarye22; 1993 


USFS Forest Pest Management 


National Steering Committee - Vegetation Management 
Comments by Michael J. Rutty 


The herbicide moratorium of 1984 resulted in reduced planting stock survival 
(good years frequently showed survival rates of 50% or less), reduced tree 
growth, plantation failures and on the Stanislaus NF several thousand acres of 
cutover lands which could not be planted due to the lack of vegetation 
control. 


Many risks were taken to try to keep the planting program from getting too far 
behind. Some of those risks proved worthwhile, and many were failures. 


During this period other solutions were tried and one has proven to provide 
good site preparation. Deep tilling is accomplished using a dozer with winged 
tines at a depth of 24"+- inches. First used as a soil compaction mitigation, 
deep tilling (generally with two passes) can yield two to three years of 
acceptable brush control even in a species as persistant as bear clover 
(chamaebatia foliosa). Grass can still be a problem so hand scalping is 
recommended at time of plant (assuming herbicides are not to be used). This 
technique has been used on the Eldorado NF as well as the Stanislaus NF for 
about three years. 


In addition to controlling vegetation the tilling reduces soil compaction, 
facilitates root penetration, and increases water infiltration which in turn 
reduces erosion and provides more water to on site vegetation (trees). Trees 
in their second growing season display much greater caliper, larger buds and 
much longer and darker colored needles than trees on untilled sites. 


1991 saw the resurgence of herbicide use in R-5. During that year the Eldorado 
NF completed their first environmental analysis for plantation release and 
treated over 2,000 acres. 


In 1992 the Stanislaus NF treated approx. 2400 acres of plantations with a 
second application planned for 1993. 


The Eldorado had no local appeals to their projects or demonstrations, which 
the Stanislaus had four appeals and requests for stays. Responding to the 
appeals resulted in losing the window for effective grass treatment. The 1993 
treatment will be to catch the grass as well as residual brush. 


During the applications on the Groveland District, demonstrators in a desparate 
bid for media attention demonstrated at Crain Flat, the entrance to Yosemite 
NP. The demonstrators were instructed to leave and they moved down the road a 
mile or two where there was a Forest Entrance sign. They were several miles 
from the application site (which was closed by law enforcement personnel). 


While not an herbicide application, the Stanislaus also treated 33 rust 
resistant sugar pines trees with carbaryl as a bark beetle preventive in 1992. 


Carbaryl treatments were also applied on the Mendocino and Tahoe NFs. 
In the spring of 1992 the Lassen NF applied pronone to 200 acres. 
The Sierra also applied herbicides during 1992. 


Two other Forests prepared NEPA documents in 1992, the Klamath and the 
Shasta/Trinity while the Sierra prepared to sign a second document. 


On the Stanislaus all four districts are now working on NEPA documents for 
herbicide use either for site prep, release or both. 


On december 18th 1992 the Mi-wok District Ranger signed the first timber sale 
EA which completely considered all project needs including the use of 
herbicides for related reforestation activities. This is a first) fomerhe 
Forest as well as for the Region. 


The Stanislaus has not yet completed the first environmental impact statements 
for the 1987 burnaesAses group we have pretty much come to the conclusion that 
these documents are too large. The amount of data involved is difficult to put 
into an understandable format. The only thing that makes it possible is the 
use of computers. Subsequent documents are anticipated to be smaller and will 
probably be EAs. 


Chemicals used to date are glyphosate, triclopyr and pronone. There has been 
no proposals that I know of to use 2,4-D or any other herbicides. 
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United States Forest Washington 2121 C Second Street 
G) rerertsers of Service Office Davis, CA 95616 


Agriculture 
Reply To: 2150 Date: December 3, 1992 
Subject: Human Exposure Sub-Committee 


To: Ed Monnig 
R-1/FPM 


The National Steering Committee for Managing Vegetation on Forest and Range 
Lands requests that you chair a sub-committee to review human exposure studies 
involving herbicides. Specifically your sub-committee to be called "Human 
Exposure Herbicide Study", would review the literature and »roduce an annotated 
bibliography, identify human exposure data gaps, and draft recommendations for 
committee review. This assignment should be completed by December 1993. 

Thanks for volunteering to conduct this important study, and please let me know 
what assistance you might need including coordination with your supervisor. 


ene ‘Sm 
N W. BARRY 
Chairperson 


cc: Committee Members 
Bill Boettcher 
Doug Parker 
Jesus Cota 
Zdenka Horakova 
Jim Space 


Caring for 'se Land and Serving People 
FS-6202-20¢¢7/88) 
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United States Forest Washington 2121 C Second Street 
Department of Service Office Davis, CA 95616 
Agriculture 





Reply To: 2150 
Date: December 4, 1992 


Dr. Bob Campbell 

Forest Pest Management Institute 
P.O. Box 490 

Sault Ste. Marie, Ontario, Canada 


P6A 5M7 
Dear Bob: 


Thanks for making the long trek south to participate in the 3rd meeting of the 
National Steering Committee for Managing Vegetation on Forest and Range Lands. 
I believe we had a highly productive meeting because of the active 
participation by attendees and their high level of enthusiasm. 


The committee appreciates your willingness to chair the new sub-committee 
"Vegetation Management Monitoring Database." The sub-committee should address 
the need for a database of environmental and efficacy data generated by 
herbicide projects. Operational and other projects provide opportunities to 
capture and archive data that are useful for a number of purposes including 
modeling. For data to be meaningful, therefore, its generation, collection, 
and storage needs a protocol and consistency. Therefore the initial charge of 
your Sub-committee is to outline an approach to establishing a database that 
includes criterion to be followed and to be reported by project people who are 
willing to participate. 


The committee realizes that this is an ambitious challenge and we appreciate 
your interest in accepting the task. Please let me know if you need assistance 
in identifying potential sub-committee members. We look forward to your 
reporting at the 1993 meeting of the steering committee. 


Sincerely, 


JOHN W. BARRY 
Chairperson 


cc: Committee Members 
Jesus Cota 
Zdenka Horakova 
Nancy Lorimer 
Jim Space 


Caring for the Land and Serving People 
‘ ; FS-6200-28b(4/88) 
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